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JLoJLJU-uI ^^3 )) ^j| J| 

jxCjJ 6jjJI ^j^Ju_ail JJlLLaVI 

J^_Cu 6 J ~s. d1 Ca LiJ I ^_2 4elidl ^j-A I 

(( . <AaATwJ fj\A s V Ij-O I (J(j^ C3 (S'- l ~ > *‘ 

dIjldLlI <i * <>J1I] <jTa \q .c j> jaIj j 

jil 4 jl£-LL- ad^l CaLoj) n^.11 4^j-tli 

|i JL~ddl ^lllL J-)l 21 coil ^ .J&jjuu 

_Lulo_j ^pI^J Lojl 2 6> 1^. I 4-ia3l 

4_c3l*2u-u^f 1 4lH a n^ J3j3 . 

^L'i>!l ls—® *aj —^h 6—^ 

4-Cjj-O t —1 lloll Sj J_II JJlljLaLa Sj_2clil 

Ca LaVjJI ^_rp^c adL*_a3l 4aiLa Jjl_*1 

.4_>jHll 6J^Jill 


cJJ-odl^Jp | ^ 6j_—iA^JIj 

L>° jl ‘SjjJI (jxULjl^C d"° 4pj^I_call 

iCallLdl d”° LAjJlC d*° J I Jv tdl i_a-ad2 

lM U-°J * Jp^| J| '- 

j3*JI ^j_o Jc ! j-2clll caLpfjJI J—id 

J*_a J^l2-11 ^LloJdI^ — Ca^) a Vi \ ll <^_as^Lll 

-Lccuj^fl ojjJlII ^2 — Jdl 

v4 ** 

6jjJI <j_^LLo d-° 4 ^ 4_ lL^j 4_uj 

J^fjJI ^j-° 4*1 A^ill j . \A^S.lll djlll 

. Cal J*-il d"° I-AjJlCj IJ-adJ JjllJI jjlC 
£j2^Ju_ail JJltjLaVI d> c_2lcuJ 1I d-°J 
‘"' ' 4jJLc I A ^jxd 6^dll d a 


^ -!| Sj_p.^l 4-Jj^clJI jJ-cal 

4_idjLCoJI Calll_ (OjU^JlII J_iA^I I 

111 j Jjl^. CjLi^j 4_pd J — 4jij)ll^l I 

— 1 \ \aC- I I jj>klll (j£J_JL^dI jjjl 

(^jJI l_ 2J^_!L2 . Jl—ill « T 1* UL^f di 
36 £“lll^ 4 -i 5L>j_o^fl 4_41* 4Aj 

" ^ 

^^1 ^ (J_— 2022 ^.1_c 

jjJuJI 4^1UJI Jl_^_a g-L ajl\*^ 1 


JJjL» Lo5d . I jjlj I j jaa 




mi 


>11) ^_^jJ^-dl ol_i^.^1 _lie 

CjI^jl^jJI j _i J-oJ . T> 


(**)<< 11 Vi (j-o :JjJj^luJI 


ji.1 jdJu-ul djLi JUJI 4 juulLljj 
J^ jJI ^-JLt^d jMjJI ^_2 IjjJI JjuasL^-c 

.n_tliLall ^1 ^alld ^I_3 lU5s 4jlo^ ^1 

Ci 1* ^ (_fdll cjla_OJ^I J_I I j_&J 

dj-lj-^- 1 CjLaulju-aJI ^* A^ljjj d^-d^ldl 

c^dJI ^jJjicJI JJiliaVI Jl ^_aLh) 

<6^)311 ij j)tiidl si^ jJI d-° _ cuj ^ 

djl — Sj jJI CjIaj ^ 1 j 2c I 4 oAj d-° J^ 

Id <_u J I- 0 - 1 — « Cj L» led I)) jl 

.oldsJI CjIjIj^I 

d-C L^cl J_2cl_cul J_a2L2ci.l 4^ Ud I dl 
j\"\~^a j-da jl <4 JjI_A JjJjJ-cdl CiL-ilej 
Sj^lll Cid'ijJI d' —iJ djl 

d-° d^ uj^ i-4 £—in d^ J^- 

— Ijdl dp J_do — njjJJJ _cdl jl Jl 


J| 42LO %80 Jj _^2LJ d' d_ 

4A9 d-° J^o J— 

.S^dil cjIaVjJI ^e Jed) 

jl^ca| ^jjjdjJI —^n!l d-°^fj 

. Cj tad I 4 \ 1^ d^ W Jl2cd dl_*_2 4 Jju_oj 


- lignin dd^ill JjVI ^llll J dll^i 

jxCja _II J> 1 \ a \*\ 11 t_j_^Jl J_ 

gravity AJIIjJI jiA 0 Ldl 4jld j\s^ 


CORN ETHANOL SIMPLY INSUFFICIENT (*) 
CELLULOSE: TOUGH TO BREAK DOWN (**) 


fjA JjjUuVI 4 j ijiLca 5j-uS 4iUs 4 oj 

* * w ^ * 

Ji^jUl ^1<US d jjCj ^ci £jJlaCj ^La 

(3^ 6^ 4SUaJI ol^-a 


C^-^c dh° Ij-iLa-o jii d_Id!j <4elidl 

4a JU-o Sjjla^ ii ILs 4 -ojLs . d>^JA I d^ia I 
:4 \AnLcu^fl 4 x^ldl d^) jdsed 

^-J-o d-° (cjddl 4ia_i_ul 4_to2i^ dltnV 

<4jLS &j2L02bli j3tl _II Sji-o-dlJ <>l_LI 

Jjji d^- I^lc. 4elldl 6 j-kjAJ 

J ] ( 3 * 2^' I J^d' 453^1 

Ljn dj^ jfl ^ 11 li-A JS c*-jj . jx.^cd 1 

JJl \ S^Lu-dl Jjd_) JJlljLiVI d"° I J-^lj 

■ d-^dldl d"° (JL^^ l-AJjjA jJI 43lid 1 

Vl^-ol 6j_A 43lid 1 jjLaOuO t dfd 

— Sjdl JJldl ^jxlsIIj J |jj|j <4_lllLa 

dj J ch° _ >*-°dI Ca-p. 3p 

4 \ is~\ 3. II ^_adj^fl J_ 2^1 dl Lo£ . ^cC. J 

** ^ 

_cd I ^J-3 • ^ Lll^f I ^ _»Ijl d"° ^_iJ 

IC^cdl Cal oJd Sjljl Caj_tlu 2010/1 

JL 2 C 4lLa JjLfl-a Ij_aj3l (J 

^j-2 Sjdl Jj_t^i^c o ^ \Q ^c ^.1 jL^d_cul 

^lllV 2009 jjtlc J^LL S,.w!l) CaLaVjJI 

-U3-2 4jl 1I J 18 ji jj _<-u <3La < JJIjliVI 

(J^ildj . jMdl ( J d£pd^ diLpu-ul d-° 


^_3 4jijjl^JI 4_2 UdI CaL^a^f a*\ 11 

. \ ^ i d -ouli 4_»V^_a d ^ < (< 4 iJ Lo 

4_cud^-LI 4 a^IjJI 43 lid I Ic^ix3 Ca I^)aI^_o 

Ca_ood Lp|)) Jj3lil ^j) v^c 11 J_pji 

d^. ^j)* is~> J3I V ^p2 <4l^ w<n 4 KdjLO 

CaljjLiil jl 4 _jl£.C rdl I_a^Ldll CaL^al 

1 jJI 4_cadjl (^p.^1 4 \a\x II 

((. jlildl 6J-A IJ 


:S jdll JJLul 

j-lC 4-bl i<m 

d-° JTJ^Lcall JJlla)fl dj^ <^JI Jl2c 

^dl jAppI ^jjadl Jj_2jJI j_A Sjdl 

CaldJI ^—2 ^jUd jlLl ^—lc jpd 

J-a ^dl ^x£.dl J_ uOlAj dijj <6J_ ^JlII 

jjtlc J^Ll. d>J_d_a 5.68 4_Cj-op-o 

SjIjVI <—\I5c 1 I_3^j dJjj 6j_2010 

j odl 1 Ij . a a^fl Ca_adl ^_2 4_Ijl Jlj 

J^ltjLa^fl ^1_Il)f 4 ji _cuL-uVI ial3dl ^A 

4.1 ti) 9000 JiVnll ^*1 tnl jl .S^jdl d-° 
CaLudl^fl J^L*Iu_ul CaL la3I ^ <lh ^cl ^_2 
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A 


Sjdjlxa JjiUuVI 

tLbdx jl 


djjJI Jj»Uul 



£<>^uV - ^5-1^ - £J>XI 
jiu-tiS'l ^Liiij v-UI Jjlh'nj .JjjUu^l 
.^jui-uLa. j^jjSJI 


<Ujx^i <<jojaJI ^1 jSbuJI JUj 
.^UlJ JjiliuVI (j^ ^l 5jxxxJI 


.djjJI oil KL~dl 

olll I jjfi 11 Mill JlxJ-li 

•J^ cs- 1 ! 


Ja 5jj-iS <Lxa£ ^ ■■"' 

.£j)XI 4iUaJI 


4^lC 

t-iaji ^1 cijlxll aa 


4^lC 

II J^xl ja SjjJI 3x1 jj „ 
jdiSJI ^^Jx alaidl Ja ^5-1^ 

.oUXI (>3 t>3 


f>l—ij 




O' 0 


LiT^jj A <Ajj Jjjd_<_<Aj I ^_a HCL 

a ^ ^_a cAAl <_»ljL» <4jJLo _Ju_ll 

Jj-^j 11 j— A^jjKjjd-^JI 
j-*jd5 SjIA ^2 <Jixl jJI ^2 jjJjJ-A) 

AlAlJI I <JjL^-x ^_a II 

4-H_C ^ 1 J.-VJI_<_ul (j£j-2x I <_JjIax 4_ojj 

oijjJ^Lu ^-uL oLojjj^fl 

^ Jj^jll ^j—Al J_A - cellulases 
t—1 AiWll Jj^j ^£jJlj jGjlWI J>AI <^IjlxI 
£\p (SJ^ A AI ^Jl 

<jXJjAI I j_& Jjlx ^j_o AjLs J_2x1 j 

J-S_COJ <-AjLoAI Aj.A Vi 

jlAl <dAj-ll ^jjJl^JJ IxajAJ llj UJ 50 

d) Lu>V I _ <-<j c_S 1 ^ a^*> I _tTiC Aj -0 

JjjLjAI jJla^G CjLlLoC Aj^xnll 
6j_idxJ <CuLijJ . C> lJjIjGj 4 \ \ \ j^jJl 

[Aj-Al 6 j_A ^ ^JjJ-ll J-ojlJI jJjlaJ 

<AKj ( j^xLLjLi <jl c_j_ 2xj» iiLLa 

((.<£.Lju-oJI jXjJ& ^j-l- 3 ^lj 
Codexis j xt. JjAli 

^jkl JjjJj 

C> -COJ 

Novozymes (^) 


— (J-OJlII I_^_CJj-i ^5 l11 — Cj 1_JJ^)AlII 

(jlJ-AjJI CJ I^)JlLi_S ^1 CjLjlS-11 J->J) ^JL \ 

.A _LI 4_aLiA JXJ 

6JJLX <? LjUlJ J-AI ^j| ^J) A.Aj-11 

< aA$ c^! —^1 JejAd ^jli 

j \k ^jlxA A-Jj-oj JAulu Lo ^ I 

j>£jU 

j——lc (j —iVJl c_sj—A 

dit ^1 J_^Ji_cul lx| j_A)) <<j_ 

<LUuLaJ| 6jlil Jj-C jl l^j| j 

C>J I—^^>1 JJ —°J J-A5 ^-Al 

<2lcLla-oJ1 CjI _ilosJI l^-xl _(_ul 

«.<jdL lIII L^LkJI dlAA 

^j-c 4 _o^_LLI jbva^l ^d2xl ^jQj LA 

^j£- Li^LkJI dA_ Sj ^JlII 

hjll\ L^A «_u I UJ dlsJI ^-2^_<_U 


•- 


,UUI 


^Lol^. 


L5^ 


^J-C 11 Jjli jJl£. (-J_txLiJI (Ja s J 

i * 1 L>°J .oLilj^l 
Jjjla AlJ j_Aj ^hemicellulose 

^jJl t>AM jXjLcj_i ia2Lij_i dLl—tiloj 

^_OXtf2SJ . Cj I_OJjJ V 1 J)*N. ^ C 

j(j-li^J_Al (A j _cjl^) 1 ^_At 6j-& 

J_cu^Lcu Ads (^d-ll <^Al11I 

Cj L J± t_uJ I J) j^jAJI ol—JL»^2^. C 

<^Uall 4-LoL^Jl <kjxAl 4 -uI^JjlA 

• I Jj£j pAui ^1 

4-iaAJ 4 aQ 111 _2x1 

JAI ^j-O <->J) J.S\X II ^y2X.I^2xJI jlj_!I_2xl 

j—•>?—^-4a^ 

<^LLJI djl_2 x_j^ _All Aj.i^.ill 


CjLjjAII ^j-o J_i_(_u 6 ^AjJI 6 JJL 0 

4J^_2X2lS ^lAj.1 ^_ LlUI ^_>J-LI J_XO_2xIL> 

<vlAI cj!_A — 4 _>j)i.Ac 

^lo <JjU_o ^ ( _ s —j-a Jl 

JjA <^>AI ^ ^ £_xAJ 4 d^c AA 

4 U < '<1^^ 1 \\i ^ II <jlj^ jJl^x-G ^LclLlII 
oJ^k ^—a L^jx_^jj jl jl—AJI 


JAI I j_A Jj) ^ \ \ 4_S^2L2xJI 

Aj_4_xojlLj <4_Ajls_(_u^Lj 

4_lSj(jJI jl^oJI Jj _2x5 ^1 oLjlAI 

1-° lt*J (J^l *Aj ^—II 

CjLjjAlX j!k.J^5 . djl J_ Jul 2X-JI 4_i ^dA55 

J AJ ^_O-Al^JI jl_$A1 4_JUJLX 

c^-ll (^J^l Jj—‘Al 

oVli_Al JlG -G . scraps CilGi 

Aj^A ^ —II djLAI I 
A C£>A Cj-O-^xx 


JAI 

-J— 
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d \dC. 

5jJOS <LlaS ^ Vil ll"l 
laLbJI 


4-i2£ 

^1 CajliJI (^ajj as 


Jj^laJI jl CiLujjVIjl Jiao 

QjJ^lmll) iLuLaJI SjUI 
^1 jiuLaaJI jl SjjJI jtiUoj Jls 
. L^J 4o^U ob j^LliJI 


3 i<Sg- 

.(. HSLaij u<i^ jjJI frlu JI Joloo (jl 


^ ^dJ [jjla>^Englewood 

dLlj J-Xa _call joj^l <2-Kl jl_ilc^fl 

<^j_cu Cidlajocul d-1 . Jal_cu ^Jl 

4^)-cu Jlo — Ca ISJ-cuJI ^j_o L&jJt£^ ^AjlS 

Madison _ mjjL 5dj_o ca _ ajd 

JjjsJI J\ - {j - ui’^uH J 5-lV^J 

< J^2jS ^jxLslla <jl <1 \\ d \ *2 Jjklll 

jl*-cuV ^JjllJI ^1—Gj^fl J—t 

JjlIaSJI Cal^j AV< 11 J-axlj .^j-i^JuJI 

(j-a ^ Ja ^2aj < jcjuloS JJaLia^f I <jlo_A I 

i " S | jj^ ) III ! J \ 1 1 Q tl \ I ftf jtn U < *1 I \ 

? 

JuuA\ ‘_ ' • ^ ^ _call ^yd <dlaJsl 

<aaL loj^ jl j a LS—H*b—^ ^ ls—^ 

< 1 c 1 \ , d < 1 \ J | ^ ^ 1 1 1 4 < 1 tfV 1 \ ^ 

^jJI ^ajljlll ^ _2 < \*\ n_cu^laJI jljll 

Ij tl'iC ^_1| (J, iS*T\ jlx_cola j^jaJI Jadi 

. (_£jjiL^.VI jlx_cu| dl* d| 

jS— J' jL- Lc <Sj jiaa jJ I_ ojlSj 

< Leonid j(jJi^J_call £y& ^jdlcail 

(■ LiC I (jdj_2a_cu <d.ljdi_col UJ J Leu) 


^jlj—^Jl ^—?o^ U^j- 
L&jl J-d ^ ill <_oj^LII < j_^l: 


^IjL^I *j'jj Cilslj J_^J Jji 

^J-O j2L£j-!l (^5"^ ^_jl-fl* II ‘LxVjj-o^l 

4julJI 4_)Lo^. CjL^I jld 

l^Jj-ol <1_J_-*-° ^_ulwlS-ll jlj_LI 

uJ Jjuu] j <^>^-1-^1 c-al <jJLo _dill 

Jjjjj (2011) ji.1_xJ I I J_A J-JLJlU ^"j _Ld 

• CaLoJjlVI ^j-Lc ^iJI Ljj^Ixcu 

<j^J < IJjlLI ^j\c. J-axJI IJ_A Jjl 

J jfl ^jdJI ^1 J Vunl 0*^1^_ulo V 

J .^IjA^ L^ol j2iJu_ul ( ^d VjJ 
— I JjlAjj^I ^jLs 

J_dG - _ <_<j j-tiuLuL <jVM edford 

^,lc <jLaJl11 ^yd <_X-£2lLiiJI 1 li 


dljjLi 6jLsJI _2 . Ll£.|jj(J 1, \\ \ \ 6j_ 

J-*-> -^IjVl ^jdJI <jt —J 

<_S_jIlJ! 3 >J i -V V . ..^"" A Jg, 0 t jl II 

JS- _lu ^-1^- ^LXJLO^G ^jl Lo^ ^IjjI 


Jju^UJI jl jJI ^yu gill I ^LJI 
.(jGJI (JjLc <dlUJI ^IjljV <II 

11 Cal_oa^a^l j^dil V I_oaj 

IJ ^jjJjlu-uJI J^aHa^fl ^_yd l_AC^.j 

<_ < ^ ^)) I Cala^^-caJl_2 . (J^j) 2a d ^yXjuu 

J^-ljJI (J_^^fJI J-*_<-tJ O-t _ ISj Jj| 

.R .P> id &II _2j LoS (( J^2jJI £yd 

iatilll xViI ^JjlSulLII jjjll] 

JjljJial ilaj-c ^ _ 2 GeVO ^AjlS iajja^JI 


( j\d £., d~y llj < \* \ \KII _colli ^yd ^ r \ 

Jiolu hybrid 

Lo^ A,X \ \.UII <JLO ^- JlcOuLI ^_2 (J_ cOl 2 | 

^ jJI CalaaascJI £ j \_ co^G ^J-C 5 ^j-coJI J-oxa 
L^LiJI ^^-2 CaLca^aVI jlj^| C 5 dj—^ 
jxa^a| (Jj-casjJla ^ o| dUjj << jl^>JI 

• b 3->b- 

o *^ jt>l>l_tJI (J * I ^2 V LIjlLlj 

fjAl \ Ljl^j <_ < I < 1 j \ d | Ca^-C-l- 2 jJI 
Cal xM \ ^1 _la I (J__xa^a I_o_o A _^ 1 dX \ 

Cl^^l jJ I jl_a (J^lj • 1 ^bta Sj_ jlj^JI 

— I/GlII jl 1 j jJI Jjlo — <2lLJI (Jjcc^L^-a 

Loaj^ Sl^-ca^la CaLoaja^fI ^lHal^ ( ^yd 
Ca Lilli la^Ll. (j_a_cds CaLoa^aVI ^jl^la 

^yd L^jJlC jl ia_colli) Sjlja^l! IjUalal 

jc_ulj t l^llkl ^iJI <Li£.lacuaJI Cal 
^Jl <£.j_coa Jl^la jjJj-l_coaJJ <JL^JJ 

. <J 4l^-iI Calaj^ jl i> 11 

<a£.|jjJI Jl _aC*2l _cu Ca_ ol _2 

-Lalaaa_cola <2^1_oaJI 4aj_coaj-coJI 

jxa^aVI £ al A^>1 Ca Jj_2 <la_coj 

Cal jl^JJ ^-d _coa Loa 6^)jJI Calaa^. ^ yduu & 

Lode j \ m ^Jl A _dalll JaJ)dn l^-llj 
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o 


JjjjJI Jla j^3 

■ CjIjjUslII jjjluj 


<L»MaJI ^j|_L4o£ t_l_lju J-i-^ 

' (3 


oJloiaJI Ca-ij 



Cj j-»jJI ■ <n^Ull ^Lu LAjiilSu JM^ 
<L»MaJI jljju>. jUaj j-^ub 
.34l"^n jjLu a^LJI Lt^LaJI 


5j ' ^ a J,jJkl oJLxbJI jUijJtU 

^^uLLi-i ^JAJ|J ijALOujJI «lJLujV (JOjl 

.CjLjitXIJ j^JjSJI j-u-uSi 


d aAC- 

j-ijSuJI i_i lh“n 


d lAC. 

' j 11 A-V 2 t I Af ,»l 1^ "t< .."t Afl 

jj^XI Jjbu <LaUaJI j^ Ijloia 
.(joIiJLuJLl CujJI ^ 


d \'Ac. 

jl ^uiiQXI m 11 jSLau 
jn'n .oJLaJaJI j-a 2 c_j a -v 11 d jjA ^lc 

.CujJI ^Qj| 2 ' I ac. J^La. *la_u o-ILaiaJI 


d \'Ac. 

. juOJI ^UUdl £ 


^jjtJs\j\ _(_ol ^_s JjLa JjLa jGG 


•. '1 1-xUI I U2j| 

„ a si v " 

( *\jU2aica3 j^-l 131 


J-ojlII oLoLlII j jl_l^J < 

^IjuJL organism 

CjLLulII /jJZ j n*\ \ I 6^ l_3^J JuxJU jJlj 


CxjuuluuI jjJ . Ljp m j \Anil JJjllul 

<JUlA^ ill — 4 jlLjI^jJI J-^ 

£_jjl_ ujlo _ UJ ~ JJjLu^LI 

581 ^ LuV Raizen tgjlc, (jlkl 

_ujJI JJjllul c jJJl1o 


cJjJluu J> ^c-jj is^\\ l_3_3j dU jj t Lj\ ni 


<->j)v~s.ll oLsI_ ujSju-u^U ^-IIjlJI jjjil] 

^ jA^I J-^l ^3 -[J-^ ^ 


0& jl ^ ^ jl^ 

L^ij plhVi oMclilll jV 1 nh i jjJIjIuJI jj-uS d_bx 
.I-x»j.o joSjJI ^Uij^fl Jxa-j Ljlo <l(j Inc jLu 


^1 oLj2^JI xJi£. ol3 

. 0) d*JI cJbJa * <1 \ j\ A < 1 4^1 4 A \^\ d cli-N 

( 4j^-^ I) <Lu^Suoj j^SaX I cjJL^KII (j\ 

oIjuJI <_ULo^ ^_& microscopic algae 

I <JuL3t-Q d)^f _uuJ ^j5v ^ ^_W) 1 

4_C J L^J I ^jXLA_CuJl I %3 Jiu —<-uj 

%1 JjLLo <4jlIL)l 1JI jlji.1 

ALGAE: DIE OR BE KILLED (*) 
pond scum (^) 


<4 \* i JoJl (JjIjII jLaLaj 

* 

CjLjLc illjl ^_Lc AjJJ-J J—i ^jJlj 

j , , ,' H > . t ^' l je—A* 3| -Sj jK ll ojjLcVI 

untjiui .D .T> ^ 

j-oJju_u Lo)) [ul^_ 

c> o u -A 

I^Lls j-jlo^JI jj-u (^3 JIj <(Jju-^L^JsI 
J-A Jj <<J JjJ-^ 

oyLaJu Ljlj) . Jj£. ^LJl 


^J—^ ^ CjVL 

jJl£- 1 \x 'y (A _>jl]| J^G 

< ( jxuj!$L^. j> <_cljjJ 

(JJ ^ 11 (Jl oC^f (jxULJjJI C-.ulj] 

OJJ^ -^ ^ L5-3 <j£ - 

aJ^b o 1 -^ ^ JJ 

LjljG 1 Xsi ^^ Cu-uJ)) :[Llj 

<1 j^JI 6J A J$ * j il LcLg 

J_G_> jl .((^1 lalll 6jJil J (j ° ^ »J) II 

^I^L| irxhsi <j1 ^LoLlJI (j-a_ XJ 

J L-aJ I jl^il (j-o oJ JL l- c 
Vj bjjJ ACjIjVjJI 

^Jl cJLo I jl — <1_^*^11 A j-A J_ SJj 

^ ^JUI C J_o %3 _<_o — 

. 6 J^11 CjLVjJI ^£-3 T^jJpL-JI 
< (j/^> -N.J 1 5jJjl jl^-O plj(J I (j LlXj_uJ 
<bllll JjlL 4 ^)_lL Jlc iajjJI Cj( jl-S 
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u 


\1 


jj <<1jlLLI 


. ISwi I Caj^lsLa i_.S.i\ 


ljL d : (SA) jlSij jd\ dLiilluLxi 

jxdjjjj Lr * Juj dlluj Jy/ JuajJ 

y.tLJLJ/ 2* i it* 


^lUI <_x_aj J_ll ^_S I <Jm\SLmUJLUJ> 

I Cj U ^ LjjJI ^ Ij_^ Ij_^ 

^_S CxJLSj ulSj I_ cu^Lcjjlc Cu5s ^ \'\\ Ij 

jT T A « «< \ l,\ I 4 \ \ \ ^ « A 


.^LsjJlLII ^_S ^-oIslIjus Cj J^.Li 

^ ^ *1 
L5—^ 6A —A^'j 

^-S dll J d-X_s dlil^)l xxjjJJ 4 ^^ 11 dlsWI 


4_lSj 4_LUi. 1J ^ x a dlul^j 4_3t_oL^Jl 


cLlSj . ^ L^l ^— s jj£-& Jj I d^dix.1 
X^. i ^^Vl J S I L^JlS 

JaJiJI J J 1*1 * <«I iS ^j-c_i 

P 1 \ iViLi ^LUI ^ lc (_j_i_CUJLi jjJ 

l.^ i lc ( jLi-i_uVI l) J-A ^ J—^-i V 

SjsLJVI VI .l%i LcjjlLI Li 

% 

* Oj^ H 

^jl ^-1^- 1^1 a» . dll J I—^ ^jl^J 

jj d-ul < La_u^» :<_jL^.| ((SJj»_S| 


13 


(2012) 2/1 f^ii\ 































4dl5La \ \ 1 1 A 


(j) JjUj 


momentum sL-aj£j position 

_uK JLl _9 l-9j _Ida j _A i_a^) 

J}-9jl . 4K *ha 4jJ^j_cud (i^ccu^l 


<jl ^_9 j^-9j fj I dhlc t^^-aja^l! dhjLkJI 

^jxJ (jilj LiSj^. Lg^£. jl lll^-a 

. L*_a ^uvi 


jduA±i La jj$ /m$ Jj& : (SA) 

L .UulalSlJL» jjjJLjjJJI 

I £yjLi d_kJ .ia_iu^JL ! <JJl2L-lMj-U> 


event horizon CjJ-^JI (jj-Sl oLl^Lj 

Id-La 1 j \'\\ 4jccuJ dj-uu^fl („l4~lll 
. (( J)) Jjlla (( j I)) :j_& Jlj-cJI 1 aA 0 l_i^_9 


1 AU^ ^jl-9 (^jLujlA ^ U 9 

. dj-uu^fl ...vlill JiJd -U9 it n V jl lajLcaj 


dj_cu^fl c-idJI ^kl_t n^k I dlll-A 

^jl j_& (sIIaLlj La (j^Jj .4_Llld ^ 1* jul 1 j 


JjL^ V . jJl\-4jl! 1 ^_9 <ltaLk 4jL*jla £>d-& 
^y^Ll c- 1 i a 7i I dltjL& ^jl —5 v4j ^jl 

6d-& .4_UJd OiaJ f~ 1 \ 4Vi 1^ d^-cuVl '_ < 4 \ 11 


I .<Glj r-^ <^<11 idL»_a oL9ju-<^^j 


^jl 1^1^ 4 c ^L> 1 1 <*11~ * ^| 4 c 1 1 >>._\ ^ \ 


u-o <—J^J J J^ 1 6^ 

(_<_^il//» Ijkjl] . I j_J-^_o LilSLo Cj Laj) 1 a I' 

((LZiLaj-Lt.il 4 j3jLLgj e/jj _ <-aJI 

.[44 ^ ,(1998) 9/8 JddJI 


, L^.,,i ^.<r> LttfJ sluitf.4 /J/ : (SA) 

i j-l£ Jjuujy/ <-i4l// Oj-LaLSu /j-uj 
.tLlSjjZJ! 

JjLaJI dLl .j*ju : <jjS^LULXJ> 

.4-1jLa 4dd-> 1_a 4 a j, U \ a t a < ^j| 

4dlla ^Jl ^LicJLcu 4 jJIc. <j3Jj > ‘Itti^unl 
Laj\c 64 ^Jluj (^4JI .< a \1 Ac, 

j^L 9 ikj-ll (Jj_t^i^k 11 JjLxj 

. ^ 1 Jj_<-u ^_9 I J_u_UJ ejjl-9 

Jj_ uu*i I ,_u9lJl J^.1 J _c CjI _ajixlli 

entanglement (^) 


s | Jkj 


JiLk. ^j-a (JjuLjlU 4_LLk Cx: 

— O(3 ^ Lajlcj 4 \ \\ \, ^sl \j 11 oLk^LsJl 
^jJij s\<\\ ^jl J_i^-9 6l_^9 4_u_ lxlJlI 1 

S^_9jlL^J 1 ^j-ajJJ O J- 2 k. IjLa il^J^l_ <-uj 

jkJ ^((^-AiL^kJl )) ^1-tA^ll I jl_c 

-tlJI lj_A <lajirwa Ci^k^ X^a I 

. .VC-1 J-Z dll_ JlA <lJ5jJlII j \C- 

4_ul_3 u-«^L»j J-d j_ 9 dlt-lA ^jl ^ 

1 _ ^ -J 4_ x^ljjj 4_ 2jl9J 

Ca aQ * J-9^ ,4_u_tii\ll ^_a * L^lcL^ j! 

IjjlXj Cj _kUsfe,S La-L9 J_clj-Lll &J_A 

.4-9-L9--J1 4_a_ijkJI 

ioK ^j-a _l^.Til ,4^1 I—c ^jl 

4jJUk lULliU: 2r JL0 ^‘ J* J .((4-fljuL-v» 

^_9 4, \9C- l^_j| . 4 a K11 6J_A 

La l^jl_j oLi_<-Ll ^2 |jjL9j I_ 

((^-LjljVI 6jlcV (Jjlk)) 4 aJ£ .6J-L9-a 

. ^IaI^ 4 aK -a |J, A A 41 


djjLSLU! j£ ULa : (SA) 
SjjLuzJ! JSj jL$ djjJajJI ajj$ J).$j 
L^uAj HJLjhJbg f £j-a 

.OALLLa £lJLu j! 

4_L^ksJJ ^ _ A 6J_& : <Jjl5L-umuj> 

lJI ctn^l ^ j dll SdLld^ 6Jj^ll 

J-& (J^^l . 4 4 \ 4 ^k 11 ^*N \ a o^l^Jl Lj^l^jdl 
l^al dLLiilJI 4jll La . 0) djL-JiUl 


JiS ^j| dLl^-aL (^\ :4_jLs_U Lu^l 

4_uL>jJl 9 4-aj)l^>\ a 4_la^S-a a ^ La 

dill J-a ^5 j__slj ^jl 4)JJ ^-a 4—JLdj-a 

6d^J 41jfvll j_ collsJl ^j£. _ulj 

LajI ^ 14-Aj .4 aj)l^\l,l 

6jdUL 1— 0 J— 

4-4jl1.^JL Lju-uL-o^. 1 < kjfyj d->j ^Jl 11 


JJJlJI |j_A ^-9 ic^£.jll OUl^ 

• [ (( L^>^ LT^ 

l jlk 6J - du L-J j-^ >lVI J- aVI 

)z±A 4j^j*i<^Jl 41 a1^J1 
C/j± <S jjui3jU>J uncertainty principle 



. j^SJI LuQl^dl (jt p| uAJl4j 


(J* u'j 

Vj . 4 jl£. j) a Ajll ^.Lu-L^fl 6dA 

^jjd ^j-a dlljj ^LlIII dLliaLi ^jl J_I 

4 4 \4^k Jj_2^.J_s ^jn^k 11 dLdJ 

4. \C-j) A Ajll ^ 1c. JjJdJI j .4 i£.J) A Aj_a 

4_>j 11 ^ SjI— c| j —^ 

dLi jJ .(^Lull cjI j ^5-^ Jb— 

<dLajk £-± Ls~i | dujV 6j-a ^k 

dLadk (jJja <-u! _Jj_a 1 ^ Kj 1 jl j 

i£j^ I —a 4_>j ^s. \ 11 ^ . ^y-i^j-a 

• 4jI j Jb> 4 II ^LljJ J_)l3LJ JjuUJ 

V ub CxJ-9 d9j Lai 

4 K itilll . 41A-J1 4^c I J_s | \ 

((4_4jl1^.)) 4 aK> ^jjjLJI 4 \\x \ La I 

1 » > iJ ^ 9 \ \L> 1 1 \ 1 1^ 1 \ l^ p 4 4 1 1_) 

4 \ \ is~\X 11 I_jljjLxS-aj _LJ Jl 

Jy^kk .l^|j ^1_ TjjlLIIj I jl dial 

LlLajkll hjlz*l\ 4_<_udl^JI (jj _cul 

Jal_ cuj ^k\4 .4 >ua> 11 

^j-a^fl ^jlxS-s JjlII ^JslLcoj Vj j(J-a^l 
.4 wn^k 6jd) j.s*iS 

<Jl£.LjJI J^jld_ (JjUlj] 4_<_udJL& dul^ 

. 4 \ A n^k 6j(J) LS1\ (J \ Us 11 4 \X jls~) jL^VI 


(2012) 2/1 ? 2 %\ 
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Sj—a.1^1 Jj—JLals-l 

<<jI_£jV ^J-C <_gj _uAo 5 jI_£jV 

^_a ^.xCjj . Lfr Jj J--vj ^J\a i V 5 ju_oj 

ui J-^ei^N-aik.1 £j>» ls—'^ 

J-2^1 _<-L £y& VLgH^. 1 ^)lX I LiJ_UJ 

1 > . <j\ A Luli 1 X ^ . JjjjjJLj a. G i \ \. \\c. j) 

J) aA^JI &JjJ_Ju 6jJ) A.rX\ jJjJ Lo ^ lc. 

<J 4jI_£jV Lg (^jLco^J 4 n \C. 4_1jL^-g ^Jl 
6^5x_aJ I 6 JJ& JjJ IX I J1 . CJ V j aT >; | 3)-G 
.L-XU-gJI 1 J^J jL^JJ-cu L^U 

ebjjAJ!J&xJ! j^lj Ja : (SA) 
?Uiuila jjSAjJ! Jjj ja djjJajJ! 
LQjlsJ I £_JLG^. I <11 \K ( <t( <(> 

j) a 11 ^ g ^ a a <> 1 a»_o 1 ^.UTa 11 

<3UliLa .D> ^ a, vj is~i 3 ^ 

^jljXJj <4_a_cu^LaJI^ 4_a_<_alaJI 63 ^ 

»_sj U. <J 3 IXj < I j_<.a^c | o_ jX 

l.T XT I JTL_J,U . J^J-OC. ^_a_A_uls 
. <jlLa_uJ_L! I dilj) ig i^Cij L^Jj^. ^jX^aT-l I 
oC^LLl I 3 J j—^Icl ^—\V\lj 
ujlLsJI jJj^Ljl^jI (—xUjj 


4J < ^- 




LjJU . t ,^c ^ 
b J —ub 


! 6 ^)J& L ^.^9 4_2 

C> ^TLa jUklll ^ 

4-il ^T 11 ^_Sj flifcj_ ljjlAJ jXJ ^jUliJI 

<U_L»_aJI 4 jlLgjlJI 3 I VI . _<Ju <3_ijJ 

<JLJL<jLJI 1 a 1 I 

Jk j^u 


multiverse (^) 
chaotic (Y) 


- Sjl JltXlUJ ^^1 jA - 

Farewell to Reason. Paul Feyerabend. Verso, 1988. 

The Cosmic Landscape: String Theory and the Illu¬ 
sion of Intelligent Design. Leonard Susskind. Back Bay 
Books, 2006. 

The Black Hole War: My Battle with Stephen Hawk¬ 
ing to Make the World Safe for Quantum Mechan¬ 
ics. Leonard Susskind. Back Bay Books, 2009. 


Scientific American, July 2011 


. l ~v\ll CiVI_OJL^.1 %5 (j-G 

S^b^loJLJ Ijl_c -ClJl_<-u dUj 

Ij_J>£ .QCD .QCD .QCD : v l^->JI 
.QCD h jklJI Lx-jlgl^. 

c_u_ <-<jJ j IJj-g ^_a I jl] I 

Ujl- Xjl^ Ij-Cjl Ij^ljl ^-11 

(3d^ c^) 

. ill 11 1 g \ a cllj j^-G 

<Jal urn V ^\JLJLijJLaJI ^j-G jJLi^JI 

c_^jju V )} - Jj_J <—ajJI 

.((Sj^iJI iLfwii 

p. 1 a\ Cy*-* • I^^ I(jj _ 

6j-g u-aJu I_ aaxx I A _j I A _ij I Li 

I JjI IW^gj (^jJI <"J^JI (3—a (Ja^fl 
^A x ATl l —^_Lg jA —cJi ^1 .6lj—J <j\ 

3x5^11 qlj JLgI^VI <_>l_i jtiLi 

<Ua Lgj bj \\\ ^jjjLila_G ^ Ic, di Llj Llj <Ua 
JIg) j-a-^Llc jLij^fl .5_iLa^JI 
(Tinkertoy jiu 4 jl*_ 1JI v-^Lir. 


^1 ?3JI 


I jJ .jJijJsJI 3>° cLU JJ-3e_i 1 *_g 1 a i g 

j^c. dil^ i. a <1 ai '**«^ iJI 3)-^ 61 J— jLa V 


Cijljjl I—g K, a .<L-^Jtl- 

Cxi^IuI « Lg A ajU\ a t_£_s 

.^ck> Anil ^-1^ CjLg^Jjlg ^ *-QJ ^-11 

3)1 LgI :A _a\a^ll 3)1_^11_1 a 

LLg 3)I^-°j^^ u ~^aia^. 11 

‘LLxL^JI 3>| j| ^<1-GjJxIi) 6 JjJ- 

j-& 3r\ a a^>jJI ^Li . <_ijj jl^>J 1 5^.1_coil 

3x£. iiUkVJ dlllA ( JXuJ S<AaA^JI 

^-<-AjuaJl ^_a j-'va-i 3)1 LgI .Ql^$- <-<jJI IJ-A 

<LLI Jjlg <£.j gG* s j 1 *l A^alI 3>a 

.<b i^kll JjJx^JI CjLgjJjlII 3 ) a 

j 1 j^.1 jJ) LgI . 1*_g 3)1 sVI 3 )Uj 

3)-g mapping ^u-ai jj <331 c L^jI . ji^VI 

. j /./*> \ V l_G_i <Lk.l JjLg J-2^.1 jJI 

^^yiLjj4JIJlS:{ SA) 

jJj-uAj jUJ&j jtijyi djjJaj 

LljSj Lithxl jyi ls j& .dixi^JJ 
^J-// Lj .djJ/jlj 
3 >a ^ ^-Lkj uiLl : < fc i K i m u> 

jJi_<_uAi <JjL^g 3 ^ ^jL3)JlAJI L 


A A 


I wi^-i LgLgj jaJLsJI 3>a ljf-3>^ 3)1 i-Uj 

jjJLsJI 3)-a ?-l^)-^.l dJLlis 3)V J<; a Vi 11 

i^j I 0 -S g i V^ . a < 111 I J ^, i Lg Lgj <**« a-ajjJ 

C-^gJULi Q-gLuJ jJU-AJLLi ciltjL^ 3)3^ 

i-ij-LCi 3 )—S-gj <_ii 3 )_g 

Lg 6^)1^)-^. 4—^ w )'-i —*-a 3)1 

JjUxJ 3>a _ilLil^J^- 3 60 

ej^lj^JI 3)1 Ci n i 1 CiLil_<_a^JLi ^LlLII 

3x5^—<-tJ cul^_ij^_a 60 Sjl^y^. <L^jj l^J 

^1 jUI 3 ^g J . nC.ll dllA 3)V , 3 — 0^1 

.6jljJiJI (-1 ITg^ V ^JlII 
^jJI jc.I^aII x_aj—3 lj jjxi V 3)—^-lj 

L^j| .6JJ_xlil ^Ij_^Vl ^fCrwJ 

^Jjxj _ccjLi t a \K ^_ajJL_i JjxI V .A jlLl^j 

a k , AT 11 < \ 1 g* a . A _i i in 6 ) 0 _u 2 J dilj 


icLai j_ xj iclla 3 ^ , XT ^ _jVI 

3)-GJ 1 ^ G | JJ_ C ^JlAJJ A _ cLLa J_ 3L_i 


jsJLsJI A _j| ( Jjj^ <1 _jI ^_ILaJI 

3^^-ll • LuLu-oLj l ^A\ jjl^. jJI 

6^1 (j- 4 lV^j) 

^jxuJJ .jl_G A^ill Ij_A JJUi.jJI jl_XiJI 

V 3)Uj <6 jXa!I &j^_i 3 aJ>*_ujlg ^ iG^.11 

. L AJj^ ' “I A » A < 1 G 4 G .J < 1 /X I *N. A \ \ 

S^yjL^. JJ_1A^)^. 1974 ^lc ^ _a 

jiljiJI f. j) 1 Vi» < 1 \ G X 3 ^^ a. 1 a \ a \1 1 \ \ A 

iijlaj 3x>iaXJ ( jxillll 3^ • ^g-G-LJI 

JjLG <Jj j- JJ-2XJ Jj 1gJxi|-\ ) . CjLiJj J^JI 

XfJ^ 1 cr^J (cjLijjTjjlJlj Cjl— 

JlulX _ jJI QCD J I jJ_ LgIjJ JJ-G 

< - Tug JJC JI 3T V 

:cJl_ <-aj j cuLaj <jjl_jjj_aJI olj_ajjll 

<jjjaT»T Lg lJ^cI 3I «-^jl ouLJI I4 JI 
QCD ^jjIsljlII 3xi_ Xj 31 JLgI^I 

■ CiljJjj^ 11 <1_->> i-s. A^ll <1_ijlajJI 

-La_3L_i jaJ . A TaT_ a_uI J G_a_s Ci oa j 

i I 4-ijlVi 11 3/Xj 1 a til I 3 -g 1 
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jUlajallat 2/1 jijjaji 28 ai=m 

!2U€>loom 2012 /j^ 




H ^ 


■W 


<_j^A jXJ 7 Hjj^. 44< ;;?v// i_t < nljjJI jjJ f^ // 

ZxJLJIj SjjLJI y* fJbJI (-■ L ^ LlL^. 1 yy 1 

.^jjJLS^U iUUJ/ 4 jlLzJ,I 4 l*2l )aJI S^Isjluj dJJj J3U ^ ^ 17 ^) djuzJb'tfl 


<oy- 


,S> 


Ci a a-A^j 1£ L^_3Ula^.j <4_la_A| Jjal yy *-1 y^-Cf^ I_3l J 

^j-lj^l jc-L-<_u Cs-»Cj Cuijj <JjjL 3^3 da Cu^-L>J 

<jljLLI ^jLdl ^IjulS ^_3 Lgjj <d)LlAj LlA VJ j^J aa V Cia-^-> 

g " " 

2 _joj j .< q \4\x II ^jL»JjJJ 4 Licit I t ll ^^Jl jl ^_>j3t~ill 

*j3aj ^ ^ 

Jjla 5-1 jV I 3j— jCjljLj J-A^J 3-° 3 1 <1 ij^jJI Jj—d 

. *l &\x 11 £_a ^j_2ujJI 3l9 ^I 3j) I jJ < J \ 11 

9- 

^_S CJCj ^lll <\ _d^lxJI c3UJI 6 j_A j-d cnn 1 J_&J 

Us .i^LLUl 3^* n ^ cul^ cllsuJI &d 31 2011/2 y _ui!l 

— Sjjl ill 5_>jlJI j <-^>Ljl1 3 £ ' _3^ 


^lll L-u^fI 3^txXL» ^jcuuxa Lox> LfrjC <_jy~y> 5_Cja\a 

** HJ 

j-x-oCj <11 VI <4 _odltl CjLIcjJI ^IdV <1 _ Ci^Ju-^l 

JjjJI 3- 0 j->csJlj 1 j _dill cjLVjJI ^c 3^1 _l^ L&j-sI^j 

C^JI L-U-oljJI I Jj&J 

Jc-^l 3^2 cujliLSl 31 (^-1 1 } (j-°j k ^ LO ^ 


AFGHANISTAN’S BURIED RICHES (*) 
neodymium (^ 
critical minerals (Y) 


L-a jj CjL o-c jli^U 1 ^->LClo ^talt 1 ^J_u j^fl < 1 ^jU 

: 3 Lu-<JLjU-S 1 ^_S c-jj^JI <lSj-o (^‘i-ll j-a-^V 1 ^.Ij^JI ^j-S 

<_L ^_tc dlj_A dlV_i T)llsJ^_o-C T)l_J^IL -L_ Jl^-j 

^Lul^jijJsI .L^jlA .^Lu-u^L jV-JJ 5ju j\yW jjc-^Jl 

^_S 6 j-^L^- ^ SjIjljj 6 C^ltl cLV ^11 5_Jj^j I lo 

I A A \ 1 Jjl - 5 cJ-12 Cs_i 3^1 J .J lull 5 \X aAj 

g 

j \ \aj ^cljJI ^_a Vj • ^-Lllll <jCj 1 JI cjIjjLLJIj jj^JI 

*.^>11 3 j>Li^-j _ 2 VI jj>II ^j-c ta^LJI 

7 /-LL^a ^1 ^jJlII (j-!>j^l ^LaLlII ^.jUjj .jjLJI Vj-i 

. J j) la> 11 5 j^-Cl) 5-L-aL-uJ 

^e-j-u-oJJ <j5Lj-qVI ill^^JI 5L ,ll | .H .J> JjCj 

^—L^-UI ^i)> :[ 3 tl-cajUil 

V| dJ^-^. ^uLJI (3 aoIc <^^.^Jj) \ 7 ^.^ lCj, dLl-S 

((. cJI I 1 a 33 ^^ 3^ ^1 

** ^ 

l^-JUi lj -^1 j (J$j CjLa^_c < 3 jJca> 3 ^ Jd jl! 

^ ^ 

CCjJI ^bjLs-tl _sJI J_ 2 sl V <-LlS_S <£.1 _<_u Jjj Cul^ 

<lLLl <li-3 33 ^ < - u -^ 3^3JI csij . Lt-icj VI j j* xlmU 

_i_ai LLi SjLsJI ^c 3 j> ^ s 3 ^^^ ^H S 

lj « ^'|C |_ 5 lll £-3>U <t=jLk y*JJ 

5_<_<jjio 33^ <V2 lc ji <<_c L^j-c 


^ Lli3 3 


.<_dj^fl CjLsIjaJI C-)lj-o 

<_La^_> j^LJl ^ _lc ^UlkJlj (7x3^^! ^^>1 2,J, _ ^ (,^2c- 1— i _ UlJl <7)1 

<L^UJ1 6 J-^Cll CjL»X>1I ^-<-<jLu_o y* J-i 6 ^clj 7 ) -»J-3LJ 

.^kJLsJi ^ * >»L 

jlj ^IC-Cliil ^l SjLUI 7^1 ‘ck^l (S ^tl c^J 

. 7 h° (< _ 3 £ ’ ( - r?‘jL JL ? 2 l « Mf>ll <Jl^jJI CCjLuj 


i_i»nljj ^jla^Jl <_»Lol^J1 Ci^i ‘o 3 ^> 'j-o^l 7 x3 jl ^‘J^j Jl t , 2 I 7~-‘- ijl ° 
Sjjllll ^>jlll j-^Ia*- 4 Cj l iU liT^>.I .<Lo^-ll 7)1^ * ■ 1 ^Lat-^I 7jjLx_a 

. T^ULLs SjU ini S\ «tn Ct-L-y 1 j.i^J 1 ,y 

T^Ldl dllj 7pA.> ijJI- 0 _^111 < l«l^_11 t^jUII ^_cC llli 

cjIj-ijUJI j_j —dj >L _^dJl ^-liljl L—(_uLu_uj LjLd U13 

c^ll> 3^' 7)3^~ a SjjLJl ^jill j-«-^l-d _ILudl 7)1 (_£-ll S 
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3 idjiaJll JMUI ojd i£ 53 ^ jl (jdou 
. Lgdo 4_dl ^I"' -v ' Lou CjI jucoJ jaJbdl jujj^-1 5jjLUl 4ujUI 




J *.1 A 1 1 1 


1 q\c ^ulLsVI — j^ldl 


^jJLslIIj ^uUjJI ^Jlajl jls <dUj £_oj -(jt_Alia 

LlcuLlcuj LjLu^jls) ILI_ulu dll ld& 3'^ s dd2 <JLo_cJI ^_S 

c_r^ o' 3^* «i—uftdll (j-^dxj ^_le 3^_‘-dl» ^_<-3 ^Ll3 

cAd^J ^Jl Lo_»jj ‘o^^J 33 ^^ &3 21 - 11 _ < - u *l$d cr^[ i^U-dl 

Lfrl aoLu-uj (So^ jluJL " ^^^11 oL>VjJI -LaLcoj ^_2 ^jd^. 

. t_ jL&^ALI <4jl^j13JI 

d^JI Vjj Lid^. VLoJud £C_ JU-OlJ ^j| d£.jJI I d^-l 3^ (*_I 



aii^xi 


Sarah Simpson 

‘iL^-a <2^ Ll1u 3 Sjiy-^-oy dta", ,,n 4_u 
. / 1 <j I 11^1 JL ^ d ^ r,.» 7* 1*1 iQTi *1 . u 


^jLcuj <ju_uLu^I 3 ^L*- 1 I l>° diu_<-o_o ^jl£. 4 33 UO t 

3 j) Uiilunll £ jldJI djJlj -cdjVjdl 3 ^ 3 3 -*^-* 

<^Jyil^_Ll 6 d^ (3^ ^^^11 I dA \ <i CU l 1^> O^f L Id 4a 1 

6 JLolcl 3^- d*aaa 3 L» 3 LLlojL a -2 1 jL-ojlS^ 6JjJl1I £C_o_coj dd 2 

<jl^.LjJI 3-0 Ijlj^ 1 d 3^1 did) J,* *> s Lo-o ‘33^^ ^Ld LT^" 

^-2 ^jjlAjuJL 3->d3U <Kj_lL I 31 Jjl 2 3 ^Jj . <J| cuLccdl 

^Ji5L> 3 mu I jjJ I cdl^ I d 3 < 3 -*_o 3 ^ d^ V J31udl 

^_o_ 2 ^ :<3l jjlo <_tdjjj ^LUI ^\a 1 IdAj .u3dlllll <1 _ili»d 

ill^jJI Ci» ^"V d3J ■ Jj)"S. A^ill <djLx-oCu JdlJ_ 2 k. jld£.lj CjLulxJI 

3^13 CjLiLJI 3-0 IJ.\ \\ Lo^ j]j \ ^s. 11 _cu-oll <J^Jj-oVI 

cjLijL^-o dxjj . j^LJI jsdLai ju-c Sjju-olsJI 

jL£ <cj3j- 1 >- 1 I j ^.1 < 3 - 1 j^> _ < " a ^ idle. 

o'-? *jijj t^Lsj— 

. 3 Li_ cojUlSI (JjJJiJi (^-le. del_<_aJ 31 3 ^ ^ ' i-Udxll ol jjdl 

cdlL dAS .^-i-djVI ^Ac 3^1 _cadi 3-0 Iju dS JxdLij 

CJ_culj 3 e C_jj3jdl 1 ^ ^ (j£j ^ <jl 1 jlc^ 30 dA^ 5^j_ca 

3^1 k ^ JLJ 39 Jl ^ J 5-aJLd» ^jjjaCu\ ^-S ^-v^k A A ^jjjL^J 

<J^Jj-oVI ^JLcO-LI Cjj-OJlLcuI 3Cik ^-2 <^jLs_ 2| j-LOUJ _ culo 

cjjlLi Lojl 2 < \ Ac^fl 3^-3 jl 2 <Jdl^ II Cil^jddl 31 . ^dl ^-2 
. Jud^j) 3 e 3 - i ^ JL dl-» id lid, I Cit^jddl 3-0 3 ulcaJ 

jc_cadJ <J^Jij-o^| ill^jJI ^ \ \2l j_ coJl> 3 1 0^3^^ 3* 3^ 

jjL» je>d ^ ipUiVI 3 jUII 6j_3j 3 ^ jd^VI 

io-cs^LsJI 3^\ A Vi I^j i^U-aVI 6 jl dcdl ^j-2J (3 ^ lil< ^ s 

< 2011/8 ^fdJI JiLk 3 ^-J -2011/9 ^—3JI <jL^u ^ 

^ ** 

ill^jJI ^Lole 3-0 33^3 < 3 \Jj-o> 31 ^ <31d.l IdA cj ul\ Loj\c 
3jL*-o 3^3 3^ L5_^ J) ^>'1 £ _ca-oJJ <j^jij-o^l 

j^ldl 3*35 31 3 _Igdl J 3 - : 2 3 ^ i|>^_ 3 Li_ coj!Jl 2 1 

jSdL> jjJjdl 3 -oj .jJLsJI ^_2 3 adAdl 3 ^lj-° ^1 3 ^ — 2^.1 j 

Sjjldl i. 3 JI j_c^Ll 3 lJ Llco-uj I jj3° 3 ^di 3 LLc<jl>Ljl 2 1 31 
c- 3 *_i 3 _• 13 j 3 ^^ J_ 3 a - 3I -LaLdL^I 

3 _jdxjL> ^ddJ 3 adsu_ cclo cdU .^1 33 J- 0 IL, Anil 33 d 

2011/2 ^_<-dl ^_2 2 ^dl 


LT^ 

LjjlII 6d& 


17 


(2012) 2/1 f^ii\ 































j jj *" 1 “* * 

jVjj 50 

U-xA j f^'' A ^ 


jUki_i 

<LJLauaJ1 


)Ki nLalj 


j-O^JI ja 
AjJ 0^420 


jl jjJitLuj 


dS jjJj ‘"'j A ' '■ “* 

2.9 4-u.u^ 

j^j y^iii 


✓ IjUluJI ol 


^1/jL^Ji jjuiVI foljj 
30 000 j^ U 
30 000-10 000 CD 

10 000- 1000 CC 

1000 j* J3i I I 
j^VI ja ^JLi. D 


^jjj 4^JLuJlll ^l^VI ^ ^jL^jJI j-uxlll Ixu jl J^LkaJJ j^ 
( (juxxll^jJ^yi) jLJLb JJLjj jl ciladl oVLiWl (jA4Vii 
OS JLalaJI ^ ^L^UI j^J$ .(<jui jJ!^ J&ujyi) j^AiVI jl 

_L^^ii i i^.t.'vJ l |LituLitu^ L>jL-^uJ I 141 a> \l^« 
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^2 < vaIc < »_ul^J J) \^ 11 <Jj_i ^jJl l j(jl 2 JI 

1 ^ a!^* a _c cLujj^JI j-~y-* ^ 1 4-i-oJa — i_jj_^ 4_2.U\ a 

4-U£jJI p-Laic ^j-c ^jj _<_<jla_2*.j <£/Jj-a> j*.l2 .^jVI 

6 jl ^IjLcojIJlS I c^LJa^Ju-ulj jJj) 11 £C_t n a" <J^»J^A^fl 

jMjJI J> \ ~N. ^_3 I Jj)^ I^J j_sj C-)ljp m £-Ju_u 

^Jl ^Jjlj^.1 J <(J-\J J-G> JJ)> ,)uiJ . J < l <2\ JaJlIL I J-O ^AjJ 

^jic <jlji_ <-ojL*_3| ^LolIc Sjcl_cal <-A jl2_ll ^_Ju^fl ^2 

oIj-JllxJI 4jl1a£ CL)ljl j2 2LLjVj jJijUlJI jJi_ <-o3j 

<^L2M J 2V\I1 JjlS -UlUl.-^. cJIjlAj . 6 J-i J-2sJI <aj J_*_LI < v A i 1 1 Jj-11 (J-& 

^jJI 6jjll]| 3 -*j2JI j-c^La£ CjLs _<.Vi7 \a ^_lc Ls-aC jJi^l 6^1=2 

.5jJJ^ fl CjI j-pyJ! <L^j12j La_a 1J \ '\\ I 1^21 


(*' t) 4,4uVv < m 3 jjLHI <UjUI ju-oLit 

^jjLsla <_ojl3 (J^^. CL)I J_£OJI a dul^ ^j-oj-ll 2j_2*J 

Jwi^. 2007 ^.Lc ^Ls *_)J^_J-2s L)J A A ^LLlojIa^I 

I J-CJ ^Ji^^fl ^joJaS-lIj £-Jj^fl ^JJLJlII J^LIa (3-0^ 

<5_JLsJI <JLl^.j <lL^. 12JI ^li^LaLfli _<_u ^L^2| i a^. ^_3 

^_»j 12 jlI 1 (2/_4 Jo Kill <1_xLua-o oVjl_^-c l3 _1c jl_allcVL> 

• Loj <juuul2j _caJI SJLsJI ^j-o ijj_Jail I jJlC 4_2l Jail 

1^1 £)L^2 _<_ajLi_3|j 6 J-^2 lII Cjl_iVjJI JLoj5L-\. ^j| j _i£ 

.P .A> I 4 JI 4oj 2 ^j| ^_II CjLoj-Ls-U 6 J-A j_il^JI ^ _S 

^ Je^j] < lt'^^ > ^ -L^—^ ^ 

jjjxjiS ^lijJI £jljj ^_4j-CuI <^ ( j l j$ll\j 11) ^lijJI 

^jjLs-ll ^jl [(3^_J-ajliLSlj (^IjJlII _s ijjl^lJI CL)I_a^iLsJI 

(—ilUj - ua (—1 \x"A\ J aA Wl ^L^jJI Ci- 

j-tlJ ol^c| Jjl cJjjl ji j .6JcL_uil 

<Jlo1c l. 1 \l~T\ wo £-21 j_al! CLiUUaC ^j-)JJLJ lII 

<JjLU VI^-c| (CJ J-tJjJ I _<_UJ iSjLsJI ^- 2 -^ . ^Iju-Ol 2 j I 

V I r> £-2^-0 JJLJ jxj_C J | JJLJ JJuI^JlI 

. *_^)-^- 42 I 2 ULO I L&C-1 £\ Ic 3 _<_<J^J 

< Lf ^ >^X>J £-_>12 J-a£ ^ji ^_j_Ik <2009 jxLc _3 

<C-)-3jJI cilj J_ix>j .-LaJu-oJLi I J_^L2JI _lj_o> 

jJJ) 1 11 £t_cu-oJJ <\ _H^jJI (C.) 1 ^3^7_<_ul 

^21 JjlII £t tJjJslj JJLJ ^jLs_< Vm a < )^2 IJ <JlcIjU-oJI jLxS^fl 


<Lajj2_ll CjIj-»j2jL1I ^_3 ^jlSCjlU <<_» 



£-JLlaJu_uJ <^VI j . <2 J_> 2 J-cl^J I 6 J_) J- 2 JI 


6CJfc 3^^I ^ ‘-‘J ^_jl ^LS-i L-L?—^ .lj-Q> 

^_3 4 \k"\ a oil db 6j^^JI ^j-c JjIjlj <aj JjlII uui I I 


Afghanistan’s Promise as a Global Mining Center (*) 
RARE (EARTH) FINDS (**) 


_ 3 \\ax a 3 jjj _ 

S ^\^Jl jtjn.jUil 

<jlv.uuMii 1 42o3jJI jjLxXI j'4'V.u« n 

IjLalfclj .(j^yijjUb) ^LxJI ^^IujXI L^jjj^, Jjl*3 ou-uljj 4 ju_uj 
j 3 j ua ’vll jl j-JjJ—LxtXI jL_iS J—3 j-x. 1 ^ ^ 4..„\a1c uLa^ 1^- 

oljcl nit,! ^_Lt jj_CJI LJijLCicI ^_u^ LuL^C^I ma jUjJI Jjltu 

JjjJI oij^J-ttil J3 3 .4XJj < nXI Jj£ <Ll^jL2JI 

.4-i3Lus| Sj-»lj^ p|J^l J^JLI <^-X3j2 ^ 

J^l£ (joji j^iaS j_^I $ ^Vm ^Lij| j3^ .4.4, i\ i.ll (j\...u uVi 



^^j^syUiLLcMin'iio/ iLuljj <$j. ^LU/^y/ 4i_uS ^jJ iUMuJI. jjL^lj 

.Jluti'iLis! ZajSL*, <H±jj^-Hj Cj/jJ^JU Jj^i. SszJX! ,2010 ^Lc jLLxuUJ! 
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. j xT\ x dlxu-ul Luaj) (jjii 

C/—^ J[>^- iS ' clA^ <UJj 

cI*I-1cOl!I ^gA ^Ij_cojLslA I 4_1a c_jJi_cuJ cl _cu J_xA 

4aLUJ1 ^a!^ 3 f ACj <4, xA xQ^ 4 -jAxA^. dKiii J J-^J f ACj <4 -Lia3J| 


C_cujJ 4_K_colli <dllj £- 0 j .4 jlAjjJI J^LlllI ^gA 4_ 

cl^j_cu C jUcI A3 JUl I J_x_x_cu ^glaA <cLxA^3lJI & Ax5x ^gA 

^ Sj^jkU -aJill ^yi SjL^Jl (j—ljiljl 

<^UJI ^jl . LJIjlculj ^Jjlcu 3j l \ a i< \\ jAxI ^j-° ^jljLjJI jUlllI 
J-ojlsJJ £_xUI 4 _xjLjl1I C I ^aJI J *A 5jljLjulLcuI 4_xU_Zi. 

^ I* £jli W nH i AlIIVxII cl^ Cx-ol_cu ASj .4 AAc<Ol!I &AA Jli 

^gA 4 jl3Ua^I cl j _s ^Jl _ cjjJ 4jlgjl!aVI icu-^LaJI 

.4 \a xUV1 4_oXcoJI JJ^. JylUl ^yA Ajx^-x Uca <2011/7 xVill 

jjbLa 

oljVjjJI ^A-i^Lu 3j JaII cljLXlcu^l ^j| ^Jl <<G)UAa> jJlcTcx 

<Jjj jjlj <jjljJI ^a ^jj_ujJJ ^Ll^Ulsi I 4 JI ^Ll-vj ^jJI 

C* <jUl 1 • JaI Cjl^ < jMjJI ( ja ^JLo_ujJI c I 

jA C Jj) k A^ll ^J-O 3 j_uS C t X .<x5> J^iallil 6 A& ^gAA .<JUccu <AAc^ 
1 j JlAx CA^cJI j (_a-^jJlj ^jjjL^jJI ^_lc 4 _xjjl^ 1I <1x3_coil 

4_)lxIJlA^1 ^JxjJI 3jl .CxijXjjll 2 h° (j'kxiUIl cllo-x 

jXxlaJI £_!_» JAj .£_LcuJI 6 AA jUjulcuV cljLxJUil ^.UaJ j|j£.| 

< \ \ \ \ I 1 1 LlS LjlI I <1 C'. ^ A ^ A / **» t 1 ^ t 1 A \ \C ,2007 ^.Ic JjVI 

( _yllaJI jljll ^ jUCul Jjjl 

^_a Aynak dlLul ^_<_uL c_^j^jlII ^uL^jJI _ c<jIj jjjlsuJ jac 

t»J_ <-ajIjJI J-lkx ^jLx c IxIjlJI £-AJ 4xa)jJI (JLl^JI 

CxAslj JAS jLoJlLlxiI Sj_o JI^Lj jVjJ ^3 <jlojA Lc 

j-jjx3j JxjJI Cxi Jx_o J XJLxLjJ <AIL ^JlLl^-0 f- IjlX ^-Lc <Sj_Jll| 

^CxCiJI ItlAJI ^yc Sa 4aL-^I <<jlojl 1 aVI 5aILJI <*\ X a7) 

^A <\ _xJjJ^JI <^_cull Ja^kiA-X I IslJjJ _II 

.(JLu-iJI ^A <AxL-ull ^jlllSj-coJI jL^Jx^fl cLXj^-o^. 
^ ** ** 

(Jix.j3 Cy*J ^ jMjJI Tjjlx-oj ^Lolii '21 7>^Jj 

<<^j-\Jj_o> (j-XjA 1 ^ X,a~^. £J->(Jju-^Iaj Ia I jL 2 x£.Ia 

<^j-<-L ^a AaixllL jxl a\ ^>VI I JC^c < 2 ^jj_o^I ^IajJI ijljjCx^j-^ 

I J-Cj jcljil I £j£. cLojlxil i^jA^> 4 x\ X Jxlx cljLiluj) 

4 xl^_x £-A J (jJj-CUJ (-all <XJU-£S ^A 1 ^ ^ iAjJ 

<I ^jjj^Vx A nil i A JA 2 . rs. II 6 J—A cx^x 2010 ft* 

(TjjJJlLx 50 2 -l^a .P J> JUl jlj_<-ul O^-^J 3jLxAx 

iuCo ^Aj-lL jlj ^ l-x-AJ ^A jVjJ 

<JLxJL 4 1 \k a7mj f ^\xx ^LxjaI t qjfl II .x A>j_ uj jlj-<i 


.fJUJI ^A Utul f^Utl j5S1 

^_j^A 6 jjllll 4_x^yxJI j-t-^Uxj 4 \\x II jj)^s. A^>H ^_£x 

{ S\ a I & f xU y 4 L^.IaII 4jlx j)W II _cull ^A J-cLk. _x 

^jJJ-Xjl X _LJJLJ 2)Ux. 4 _XjA _C IjJui^ Jjljlx V ^ J_II j 

^jll jl j x*v 11 ^a5L> Lo_x jJalAULx 4 AjA^-o 4_xj1^^jJI 

CxLljJjjlLc Jj Jlal^l TjjJ <fl^A^I lj^-u JajlLx 

o I j(j ^_A I jl I t^ Llxj^. . 4jJ 111 I 6j^s. A^>l I * I j(j <1 jlxA-c 4.x J \jla 

6^)Lx^j ^g. ^^1 Jjl^JI 4 n a 11 4-x5Lxj-qVI <11^^11 g- Lol 1c 6^1al k .a 

jllJI J-xlj^Ix — f.\j _o^JI 4 aLl1LI ^jAulJa 2 _Ax (^jll — CJ^J_Jl 

I^U.LlcJ 4 jl1LxJI cLcljU-oJI l^_X ^yAJAuULi ^glxll 4 jA2\JI 

Jj^3 < J aAU>J1 CxAjJI ^gAj .4 xx jiU-u^I J a^iLlxJI Scxl^lil 

4_x^jLII j_i-^llc _ a 4l^b^ ^j_o %97 4_x_ui'n fJlxJI _c^JI 


cLl Ijl <j-<sLL <^j^.^fl <jdx a^II ^jIjJjJI jiLx Lo-o <6jjUJI 

6jJL^.^fl 4kjVl ^gA Lflkljjl is~i\ <j/\ _coJI Ax5^3 jLlt'il ^ 

J_xljli ^gj| 4 aLA| . [22 II ^g-A ^JaJJil ^Jaj/J ^jLxLJI ^gJ| 

U\U1) jlx_cu^fl ^IaIjIj ^j^.^ 1 ^jlxll (^-tU-ll x—xllaJI 

80 J-^-X ^jxiUbjJI JU^) jX_<_u L>°J>II L>° J^- 2 • < »U1^ 

• Cxl^)VJj 4 CJI^) 1 a_j f JjJI J < I.Tx m 

3 Ca^Ux* Ca^jLxJ ^Aj 

JiSjj ^jl <^-lj-o> ^—JjA Jjl-^ 


( 4_jj^_J | jj)\ ^ 4_x Lo^. Cx. 
4 _L^.j 1.I CxUl_Cjl 4_2^_<. 


^gAA .4 julajlII (jjLxi) ^^^3 ^glll jj )k a^II 4, x3 x x<3 j_c<jJI 

jj)k A^ill (j-c 6 jJlj^ <^.Lcu-o ^JjaII lA_cjjlx^I <2011/2 <.7ill 

^glxll — 4 AjlA^JI 6jjl_ill 4_i^3_lJ ^ _(-ollx_S Lo_x 4_ilxJI 

^ IaIIJ 1 CUjjUjj ^gA J-oAju-oI 1 f I j > ^,\c a , A77 

4jJLxJI -UjUlII ^gA J-ax3_cull f JJL^-Xj jjuJI J is~i\c .j i^Jsccull 

.<1 x^y.^ II cljLccJl ^gA 6 ^aII 

^j3lo (jJa 1.3 CC^lx ^yA ^jjaII aa <^jVI ^g -3_2k.J 

J-^U* 2h° iSS^^ ‘CA-U^x cjU^ ^ x-xjAjll J jkx^l l ^ 

** 

4jJLJI cLx j\ a< il Lx fJlxJI <^L j _ caJ U 6jjL3JI 4_>^3JI 

4 x5v x^-oVI ^IaJI ^^Ij^ •—x^*-^ AS^ .cljX—cu 10 6C 1 x-lLaJI 
Lc 4_ i.xx Ax j j_A^ll ^gA A ^»ja JAj . jVjJ 1)3^ 7.4 j^s- x x L^jiajA 

AXj-OXJ 4 X A xtLcuVI ^jlxll ^yA CJj^ (^jL^x 

4jlj L jjAjjl^J I ^j—UI JLax3 cul <^1 ^11 ^gA CxAjJI ^ o 

4jlcx^ ^1 (TjjJAuJjUi^juuj fc^_31 (vLalxJI J x <jt_call ^gA 4 ji _cullll 


C^U j I (j-Gj-ax f^ual cjix JA 3j jllll 4_xj3ll j-c^Lc c_x-culjj 

J^lj2x fj JxaA jl^J f —Ajk3 Ax* oJ^jJjf^-ll Jj%3 -Axlj—o 

4jlcu J*\ <7i x 4 x ni x L (jj)j-x <4 aI _ujiLcuV CxAjJI 

^yA jj>j is~4\ 11 £■ j lAxj .4_cuAx II /jjy\"\ 11 4_xjl j_a3 cul 

4aU^j 4_x _ui^ ^gA clj-xiijJI jux^x ^jll 4jJIjlII cL*Ia3jVI 


HEAVY METAL (*) Uuj l^aA l-xjAjII jl^ll 4 aJs jla^VI ^ <3 ^Aa 1I j j)k < ^l 
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( L fj£yi ,jxiLa»jJI o mljj <Lau3 jj&i jl (jSbu . jULb J— co jjI jbiuii L_aAj cjjaxi -S> j (j/ <<n<jljj_xa .S> jl—ca.^ x^J) 

.Ji JJ j^^ali 29 j).^cu o^*-11 (^Jl I J-ixj <U£a yft\ <b j^jJI JJ—V% 4_iIag. ^ jl”t cajliil o^ jlg. ^ SjjLUl <bjaJI j—asLa. 


JjLG jJJ) \ ^ 11 A n AII <Jl£!jJJ ^O-OJLJjJI C_3J^JI jJb 

Ij <^/JJ_o> i 11 IJ-A £yi7i j2j . jMjJI <Jj^I L^J^kj 

JJp^. 11 £t_ j—ulOlII <Jk^-Jj>G^I <_H^jJI ^_<f 2r^>HJ <j^Lgj 

f*—^ <<jl 3 j_« ,s> 

Lg JoC. <ju_u 30 (j-c jJi^l dll^“ ( ^^.L^. ^_3 JjJ-sJI t_j_culJ 

<jljjJLG> jj .5 jlj1JlS^I J\yW ^C-iall <-H^jJ I J-> J_G 

-^L ^_g J_i J_^JI Jaj j <bjj <jjJ CxjI^ <jI 

jV^3 ^li^o ^Lcall Lg_Jj ^1 2)Li_cu^Li ^Jl Cjtl^.1_caJLi dll^ 

1979 jxlc ^3\iqj—call -o^ 

<jljjJLG> CUJl3J_Co!I JlAS .'V 1^.11 Iwl^j I j-2c \x lJ*i J <JUkJ 

^Ix. 6 J \ 11 CIjI c_j^^JI ^j-g g \ \ ^j\ JjlS lIIjIJ-G i J.C 

< \ G 1« 11 Cj jLcJ .^jjJu-oJI <JwllJjJ <jL^. Jj £. G 1981 

.dllj o-t ^1 ^La^JI 6jla 

^Jj) .(—jLlII 2001 ji.lc ^_S ^^-ij-G^I Jj-*JI ^cjLs jaI 

<9/11 ^cxjl^cI ^iJI C^AJI ^_juL_u^fl 

<JlCjj-G^ 1 ill^jJI ^j-G UjJ»GJ jXJ — Lt-^J J) ^3 <^j\Jj-G>J < jlj|jJLG> 

£“J) A AI ^jliLS^I 6 J£-I cal _ <jJ jjll 5 jlg3jl11 

6-° ^ j —a Lg 

6j-A JiUlcul <-g^5L^cJ1 is*i\\ ^ji \ LclLlII 

<j^jij_g^| <Jl£!jll <UjJLg VLg£. I <la_caJ^I 6JJ^ Jag JJLJJ . CjI 

-ii-LI ^jl jJjJI olj xt<C CjJ£-L<-o ^1 jJJ) \ ^s. H _cogJJ 

^aJJ . ^LjlSJUlLJ I <AJ JJlI! I_£_jj XjLcLLl^ (- LjlJ 6jLcl 

6J_^cJ ^LsJI ^J)3 A all ^^3 llxcu c_^jJU <(j\Saa> 

^ ^jju LajJ 1 ^j-G ^jlj_cajL*_S| c-u-ulj(j 

.^jJJlS^LI ^jxlsLjlg^ ^jJLs-gU JJLJ jlaJLi Jj^QJL 

TAKING OVER (*) 


.2012 ^.Ic oL»lj-» ^-g <Iuwi^cJI cjLjlIVIj <jlLJI 
J^LajJI 6jl jj ^J-G 6 J-cLcogjlS . Lu^j3 (SJ ^-' ^Jaalul LlxUJ Jj3j 

<JLjljLa^fl ^JJuJI 6jl jj (SS^ dlljJlj <J^Jj-G^fl 

.2011 jxlc. 5->L^3 ^_G jlj-LI ^-3 I SfjJLJ^ <-UjJt_G ^lj_G <JCCU 

jS^jlLI Jjd^cJI lj__cajLi-Sl L^Jjl 

^Jl Lu^>AJ ^ 130 JJLJ <JlLl2cJI ^Laklll _2cUc 

J^lLcLII Jjd^cJI <^-cu ^yCi ^xj^Lg iVi \ <a_s^2JI 2>° V >JI 

2)^^ s <5-uliL3^l 6jlj(jU (JL°_^ 

2)^ ‘S^j^ Cx $—420 6jl jag JjLa ^—Llgj jj—HI 
30 000 c_Llaj_J 2)^J 6 jIw1Lg ^ 11 Li^J cu 

2)-g 2)1-^ <4jLLajJI jiUI olji^)3 2>° j H im 

^)J) ^ ^ ^ ( aa 5 - ^' ^-|j)^ ^ J-^LcoJ (^Hl ±s~> II i_' t nl^JI I JJb 

2)Uj ( 2^>j^ I 2>° ol)^ Cy^ ^ l)-^ < **< q < ^ I <^LgjLs & I .-cu 

<Jl£jJIj Jjl^-ll 2A^ A^jll J^jlll | Jj| 2)13_COjljLaV JCJLi 

jH <2)^1 L^l 2^^ ^ 4 gc ^ j j a Till jl j_a3 cu^lj 


j3j .oHL^.^1 2 ^ja 33„ — : crb^' SjlaiJI 

xVill cjL>I j-» ^^2 4jl1Lc 2h s -^*3 —cu 23 cjUUslc oHs2L<_ul 

<-G J\ I I 1 >guij 'T*^ ^ ^ I j2 £j l£j_JllI 6 JJ& <2011/9 

<2010 ^.Ic j^.ljU jl^l dll^jccuVI 1 ^3\Cj 2)^ ij3L*_aVI 

.dlLi jHlj 6j3IHI <jl!jlc<HI jolJI dllj ^-3 Lgj 

Xil-S-Lc^ 2>A La jJl£.J CjI _S-LoaJI ^C-^IjJI jxl^jVI ^1_JU^J 

o 1 gIC. j <4jl^.jJJ) II CjI _culjjJI 2^2)^1 

c_LijJl3 — (Jljl_ — 2 ^ . <jJjj _coil 2)Li_ cojIJlSI 

<Cj_COJJ CjLgjJjlII CjLcl&jj <ji_sJ_2cJI ^.jlsJLi 2)L*-2^I pLgJjlJI 
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- iajl jjLxXIj S jjLdl JJI - 

^JOjlII , -lull Uji.A 

II <lLl4 -I xjJuS ,M> 

^jJI jjLxXI jA j <"<<11 ^XLxJI ^Qj^| jJJ !c.laii Jjj ^ ioi jhi <<n 
jLiioJI CjI—L utxixJ ^^-aajjJ.iJI j io'iC :4_4J£jXI 4_jl£UI ^ n<rV\l 4_ijjjx^a 

jLbaVI l)^*^ CjI ja a$j .disc drive c_jj^uUJI ^al Cil£ jaX f ^aaaj^aa^ j 

^JLaJ jjljXI ^ jwxJLS 

jj^sLtxJI )i (ja LisjjL^ua ^.I.c 4 -xc.LW-JI ^Vl (3^ aaI^j <d—13J <LaxaaaSj 

4_llSjll Laajj .IaaSa L&jIjaI j^Sa AS j^lllj 4Ajjjx-aJI jjlxil - «4_a_ouL<_< jV* 
oA-^-li,) CaL- iV 3 II 3—idu ?)1 jl_3 < LS —a.^— cu^lU 4 ii_»j^VI 

4iJ jJlM I yjj£. 4* \ mil J < juMaJI 4X £il jJi jA 4 a_oJI jx^oIaaJI 

l .a a J' ^y\[ J j i\i\t IJ a 'Wi jj^Ltc ^Jl 4ilcsl (djjLUl 4 ajaJI jj^>L1xj 
OA- iU) CibVjJI jl—A.lg .1 (J±aj (jl mill LS J LS Jcy/) IfljJlaj ,^111 JjjJI ^A 

t>VI jL^VI ^ Jijf* jl ‘(jt-^-H&& J±-cayi) Jl* 

v 4JLL^i jl djL^lil CxaxlaA I j| Ldai (<LjSbcaxJI oL^JL'd.) 4_1 Lx ^ 

AjI^A j_uU AAAAxjJ ^r—Lilt.I j_4 jAjXI ^—11 4_xLx JL_iAJ .5 j_IJXX Q I <|| Jj 

.4a1A,<.A1I 4-La.i-J, ) jllcu-iUtii 


Sj^JLkxu 

4-uLloj^JI 4jaJla_llJ CjLujI jit^_o (J-oLc. (jO^L» 
^jUI Jji jl£ < hTsI Sj^_^.ij cjUi^il ^ o (J-oLc. ^^jj^Ia 

4 '' I i a '*\ 11 4 -v II 9 11 j a-v a jolx. ^i^j 
SjljJ^JJ io jLLo iuJJCO tdjLujJ <CjLojIa^Sj 4-U(JJJ-ol jJ 

4 . \ l .A 4 Ay 1 1 ^ A r 4 M \f A i * 1 \1 tin / I ^ I "i 

4_l^.Ij^. CjL-u_>A <4_ij11 jJfcl^_o <4_ijH (jitoljJ A1 ‘1 

Aj-ljil a! . A4II 

,~i j \ aKI I ,~il < .i / 4\ >-v ^ II ,~il^ l \. ni l i~11 ^ IUm ^ U>a\I I 

4_l^.Ls/jJI CjLlxiJjJI V'II j 4 -a>. Ci J-oLc. 

C-H3^ 4-1 J) <I <Cjl^jUaJI a 

cLSUaJI 4 jJIaJI JaiLill <4->j)l\. 11 J £\jjl <4 <1 <^ill 

4jj!^lll c^Ljlk'll ( <Jj) A-^ll 4 xhi nil 4a <ti^l 

(PCB) (J i*n< 'L> J~'< \JJ) K ' l^J CjI 4^'' a <J[^jliLil <4SUaJI 4jJLaJI JajliJ.1 

(MRI) ^ < n <1^1‘>a 11 (j\jjJl-> j-i j ‘11 (j-S ij-alx. <^UajjjiJl «LaJla_o 
^ojlII (jjjLiS <4 '1 i^-ill ilLaJI CjLijjji^Jl 
<2UaJI 4jJLaJI JajLiJ.1 <4jj^lll Cj^-C-IaII K' <A ^jl' i^~i4 <4jjjjJ 4a < mI 
4jjjjJ 4a < Ml<4^UaJl 4-iJla-ll JajLaJ.1 

4jj(jjJl Cj^-C.Ia 1I 1~" (jl < iA 4 <4->j ' ._aLJ) 

4Aj1a <4 n w nil 4a <ti^l Sj^-^.1 

(LED) ‘■- J) .^.11 ^ \ , 1 1 \ \ I I \ \l lAA / 4 \‘\l \ A 4 -V II ^ A 



4 jj^j 4 '111 ,n <m ^.Mii 6l_Lii<i <4ijLu±JI cjlj)jJ-iJI cjLtiljLi ^ j ' '*'! 

dH-ujj < j*ifjAllj J_>J^Jl ^Ljl J ' M 

4 j_^. cLuL-cA 4jjjJ»_o dLLu_u < j*ifjAll ^Ijjl 


^LijV 

^ JlflU J) II <1 \Jj 

^ ^_JjLou_u 

^J ' " 1 Ijjlx 

\ < it 4< ii \ \ 

f JjS) 

^j! 


(jy\.A^-O I 4jUi CU^ <jyLlj-C> ^ J 11 <<jl^)^JLC> J ^ j-> 

jJJ)J^11 - LJJlxAI <JtSjll 6 jLj JjI ^ 

<j _<-u 25 yis-jj <dlljufc ^J| 1 \\is~>j Lajjic.)) <j) <2004 ^.Ic 

^1 3)^ liil LlijJ 

c^i 

<Ajl^-i^A JaLjlaIIa li6J <5_ulxs^fl 

.^cJ t < I A \ 1 r> ^JUlII cJ^l 9 Cji-S-llaJ 1 a] 

UA^AJ . J I 6 LlS <^A_Jj « S) ^a| j3 I^A til Ia_& 

.^jxiAAjJI ._\a5Lo ^LoA 

lU*-U 63^4 100 <aI^ 2)1^ <tiLJj J-CJ 

1 <Loaj^ jaj13a t—tlc^l ^3 ^3 cjIcL-u ^ xA^ 

03 1 —f-3^ -2)LJLU 

. CjI jLa LJJ 6 jLl2 j I jaI^ call ^-AA ^j£. ^^ l~s.J 

I Ja_2X 




-i-uLcuVI ^-oLlJI jX^_JLA^jjA 2)J-S <J4rxJl 2)_t <1^.1J 

^Ulllj _ ^aJI ^ ^ x^>^\ s 2)l£ I_. I 

2)1 <2aJj^> j ^2 JAS . CjIIaaLoalII A il Ja jlxi I^^Ula 2 ) iJ-111 

J-2A I Lo JalC c_4lLxJI Jl CJjAjI CjIaaIalS^I C-) i-AA 1 \ ^ \ < \ 11 J_2cl 

^-jJaAXA CjaI^ <Lcal Cxx-OlSJ(J)) : *2J ^ ^ Iaj_cuLax ^xjJi Jax I 

((.^Lj^lL l^x^>^x<< <a 1 2 ^ 

<Ajikll ^_cuLcuVI jXj)^ ^11 2)L*- a ^l _ale (jxi_ijjA 2)^ 

_iTiqll 2x3^ — • I>-V-^ 1 ^ <jla Jpi\\ 11 JLs_coJI 

A. \ 1 , ^ \ \ ^Tj tiljA^AA <^AX.Lax*2 I <£-Ll 3 J| 5-0_CO^-O ^j-Oj^l 

Jill olj)\x<ill J 5, \ x^j^fl Sj^-U £jt3-* caaJax I — 

j—«-a^A .^^axjLLJI ^JLsJI ( j£. 2)^—<-^L*-sl Jlj-*2l cJel 

^J-Aj . JLjlJI JjXJ OJaxa I jli 

2)1a-c<aa1Jl 2 I ^_S J>1\T\ xnVl 2)<-il-*-l>l ^)1 XJJAaI (_Y Xjuj Lx-^aI j_cu3a 

5isLi-il jMjJI 6J-A ^\1A» O 2)1 .(JAiL-uSa 5aV j 2>A jJUaS^fl 


I jXjLi-OA CjAJ: j2 (Cj\q ~y II ^-A_0_^. 2>a 5 COaIaJIa 2; VI 

5a jUlil JjJj^JI 6J-A Ja-OAJ Sj-JjlS 2>A JslS ^JJ-LAIAX j| 

aA-cul^JI 2 )-° J^ 1 1 6JalC J"x 1 ^jJI ^ 3 ^-^ (__)! ^— 1 | 

JLsJI ^-3 5 a_cuAaJI 5aAJJ tll 

jxL)3JI L& JaAaaa f. LoJjlII J-oLa Jill CjI _cul^jjJI ^ JaxI j 

jxli .2 )Jaa 2)1^ jj-2 J^fJ34333 ^—<-oaa 

<A^Aj-0^f| 5 aj_^-aJI ol_2XA*2I J \ \ ^ O J_0 < Jj-0> 

Jlc ^L^ajI Je J_^2i NP-3D SjlU 51 a _<_ul(^3^- 


*\ je^fl CjLxa^IJ. ^_3 Jaxju-oa CaaI^ i jaIIa {ja Ls^LUaI 

U^jVI <J m\U\ k o JMix 2)^J Jl ^3^11 J 

jljLA^fl 5 aA^Ia lj(J_tAS 2x3^4L>2)A-3J)^l| ^IaI ^jA^.1 ^A^aI x^^wJ 


jlej .2)1 


-oaLs-S 1 


. 2>a LlLlJI 6 J_titSLlI 
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JpjLud! Lf JL uJjjuJ/ jLsjy/ CtL ,i~> 


(2009-2006) j| j±xu$\ Jjl>3 

Cilajjl-a qa jl JZju 
Ja Voa jJJjUl Ja jldl 

^lji ^aavi 


Uijjil o^la. %21 
LILLI 
5jV 4,1 iliUi,! 

loaS 

u'4 1 

%44 

05 I 9 . %211 

S.i ViLI 4<I4I %171 

l^L o / o5 , 

<^11 jljla %13 1 

ou-=JI %92 

Lwiiji %3 

0 L.UI % 2 

L^oaUI %1 

%2 



^jia/^ 574 
:^KJI 

^Ha 


:^KJI 

^jla/^"l 2 920 000 
:^KJI > 1^1 
eoia/ ( >6i9"ooo 000 


(, $J±a/(J o 63 000 
^jla/^ 2" 946 000 


%35 u^l 
%26 11* 

%16 u^l 

%8 Lsi-^li 

%15 u'^ 

%35 LaSajslo^la. 

%19 u$^ 

%11 u^l 

%8 LJIjIujI 

%27 ^>1 


%84 Jejl^JI 


%9 

%2 l^Ul 

%2 Uj^alu I 

%3 


l oLVjJI jl a"ic) (j±a La 


(2009-2006) jIjjIujVI a.i-JUl oliYjJI jLajtl 



ajjLill 3 jj1II 


4-djj^VI aJ ViLI Cila^jJI 


^laa ajoli.1 CiLa^ jJI 4-Laxj jl ^jSLata (^jJI La 

.SjjLllI jj-^Llt jaujI^I qa ^Lbdl ^aLaJI (Ja %97 
(JJJ Li ^jLa ^.^la ^ VI - ^-^-cAJl aj V<LI CiLaVJ-ll 3^ ^3 

^HaVI j-lljl^a oj^laJ^a .1 m'ii n3 .2002 j*Lfc ^ Laaj^aJHa 

V^ <i£juij (^jJ (j^J-1 <11 j_i£ <2012 j*Lfc ^ 5 jaaS CjLiala 

.-'1 aVia ^J| \'... 1 < VI jjj^aJ 5-aj*lUI ."«M . .■*<II da<Lij*3^fl CalljUl 

<31uj 15 a<la t>jj£i ja^jlll iLLuiluj alia ajLfcl JjjUcuJ jij ‘.iLxiLj 

.aJaalXI CiLaV3-II 3 _a^ '. ..1 11 . r<<t Hi ij 

Department of The Interior And USGS :jJj-aLI 
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. Cu^jlVI 4^Ju_a ^J-C djLajlaJj 6dA <^.LL SjVill 

j YY*\ 11 ^^AA .jllll _ jIjlII jX X^al 1 J.& < Y Y Y II <\ _yLo^. ^jl 

4,,a\. aAII CjI _Y-Lae L^_jA d^_p ^iJI jaJLsJI ^\ _i_Y 

cjLLJ _<_uJI <l^.I^1 <<l^jjLLLI &j _L-JI 

Jjly <_u ^_laA . ^^ajJI d^Ae ^oe Cy ^*N 1^1 ^IJI CjI Gjlil 

** ' 9 

<1 \ l l J I /^l (f \ 4 I i Sf ijijLixil cjLIj^-VI y aLai (Jliil 

^j^VI <a_Jail LIU) j ^jjlyIjjJJlII <_jA jTyy y Lal^j 6jdl_ill 

j!$lj-o d^.1 ^jli—Lojliiil Jjj^I A^ill dd —£_j ^iJI 

<_yIU~Y y l_A Jjuu <JlLa-a c_jaI J-C (jjJ UllojlyjJI ^LaILsJI ^JjljJI 

. oLJjj-Lail d-Yd-^ij IdL^ l 3 y A a a IjjlAAy 

9 

<ajl^_jJI CjI jl Jki\ &d_Aj oLd-vill 6dA ^aIj (jl £-Ajlil 

^^-le ^jJdaiJI Jilaal Idd^-tl aJ-LaljjJI ^a ^ I ^j\ -loJ 

6jljj Jjj-ai ^^Tmnj . I deL-oA ^jVI c j-° ^jLiaVI ^ LalaJI Jple 

£_a jJj) Y^. 11 lo-oII <b$Oj-a^l jll <J^Oj-a^fl ^1 Sd-ll 

<_)LojiJI ^jjd <j-aj <10 aViII ^A Id-Yd-^JI <jJlil -tail 4_ild-Y 

^c-lo-oII 4 y5v Y^-aI 4_1I $■ 1 a la I ^_jI d y! I ^J_aa_lI Ia mX 11 

Od^difcH^ ^ij • ^ ^ 

J^_yjA ^Ja Id^-Aj <j_j^I 4oj^a LX^J ^a (J^jlL^JsI ^1_i_a^fl 

Jjj-all ^_c ^caaijJI ^jJlS <LXjuuja Lc (J-oJUu-u <£y\-lj-a> 

^j-cl JAS <jX^.jJI I (_5-^ <i^al^-oilj . 4jlLloOlAL1 I CjLgJ- lxll 
<J^*-il Ul 9 Jl ^ 8/7 

L^jJlC j <jl£.LjlooJI jLa^^fl jj) is~> JjlL^jLj jIj-oj_ ta^U USAID 

4a5L>j-a^l 5Jl^jJI Cul^ ^aJI Jjlj jLs _caLtaVI CjI^Llj 

Jj^il ^Jsl^-a J vj^l JjlS ^j-c 1 ^ ~y a ^jJj y^II jLoall 

Cv^JI <J| LOJ J-O^l )) J^Ajj . 6 Acl ^J| c_J <-ulJjJI (j-a 

1 **< \ 1 ,i II «_]^A jr/i ^ d> 1 y y a ti 6^-loJlJI ^ 9 i> C ^C. 

^jjuLi AajJJlII ejLoulJjJI CjIa jjA JJ^L-oj ■ J^.1 J-ll 

«.U1 ^IxiVI Vj CaljA^_cuJ I l_A 

\a (j(j^jJ-ll ^1_olaJI I jl I_o U_ 0 

.^jUlJI JlaOfl 6 j-A jl^xjl ( j ( j)a l Iju J ^ 4 ! 1 J 1 \ < 111 |^ 


O 


U^VI L 


^ j>= 


o^ L 


U<i^JI 


FORMIDABLE CHALLENGES (*; 


- djIjlajMl £- 0.1 jO - 

Afghanistan Geological Survey: www.bgs.ac.uk/afghanminerals 
Afghanistan's Ministry of Mines: http://mom.gov.af/en 
U-S.Task Force for Business and Stability Operations: http://tfbso.defense.gov 
USGS Projects in Afghanistan: http://afghanistan.cr.usgs.gov 


Scientific American, October 2011 


CjIjJ^M Jj3| <Cj_lojj ^OlAoJlc ^IajjI 

^jJI (^jll t^j£- < ^ <. j \'\\ \ JjlooIaj jojLOJ _ <_uAj 

JjJojjJI j_iJAiJl .^A <jljl3Lo c_j _<-uljj <jJI Jjuu 

7.4 ^Jlj_o. ^jL_oj jLJI <0jlJI Sj-ooLlC 5-ojlS JoAo-jJI 

T 100 V J j) A x ^ > l l dll-ca ^ jVjJ 

^JLC_i d-S^ . dUd L)-^ ^ dl-O- loJ I | I d-O. ^>1 I ^2)— 

^JLC^fl £e-Jj a^i^II ^jl VI <£t-call Id-A (J-oJLJ ^LlaII <ijft -ld-<a> 

" 3 

-LiIa _LaV (JLojLo. 1 d J-'y^ (^oI^ja! <-LlS jd-LOJ I 

£C_Loll _duo ^jU <^J5oj_>> £dA| I JlVAj .S^jllaJI 

1 ^ \a^ ^^dllj L^ i-aAj CdljdVI 6d-A UdUA^I ^^.jJjjl^JI 

^UaVI ^/JL^.jJj) II <^j>\Jd-<a> ^JaIjJlouj <^ldd^fl Li_ta-c 

. L^LoJLJlouI <jlAjl\ I J-oLljuJ Sd^ll djLVjJI ^Jl 

^aII \a dvd^ s <dlj(jJUi>j < i j’LJd-c> (j-a da_La La^ 

£-L-aJ ^A UdLaA^fl jjl^JI ^co-ail _ lojlJjJI 

JLaoa ^A ^ijj-aVI JlLa jdJO < la ~n. La-a <^jVjd ^jjJila 6.5 

j\aUll ^jil)) !6j o£. ^-a<dljjJLa> t ^ \ A yj <1 Y\ Y^jA 5_iVj 

<JLadj_ll oLLulU lj£!j-a ^Vl 5_uLaA^I <Jl£!jJI .(((J-oaAl 

ji.1 jd-Y (jadi^-aj jaJlc 100 ja j <CjI _Ata2sl^-ll Od^.^ 

.a^_ loAjLj (jdla all UlojuAj CjL^.j LO-a <^lj^.L ^jj-a^A j J-al^ 


J 

.^JLaJI ^A dj^jil OAjJI JS L^odJ 


^jlaA^fl <j ^Ia (^d-ll clod^JI ^IajlII (J-gjlII ^jl <( 2 yLd-a> j!$djj 

^oii YjJ I >_ y, \ i < 111 (jl^ IdJu-a ^laajd *-J^)A ^jaL^oJI (_ y a nl^) 

.iadLLlI ddldl^yil ^Jl ^LaLlIII 4a1 aAI ^ Ijj 

(!lt) ilSU CjLddd^d 

1 dc l^yA^-l ^j-YdadJI ^j| jj ^i .1 ^.aiaJI ^dAllI _ lJa j_y 

-flUO. Lull jL^ 6 j a 1 Ia <^jL _LojlaAl ^A I y*\ a a 

£^Adll ^-iLjJI dl_ cojaV-I ^J\ a \ d| .jxl^jLlVJ ^jadao_LO-a 

jl^Aloul l 5 - 1 a dd- lojj cjJ^aVI 6 jLa -ua ^Ju <J\ ^daaJL 

1 Y Y Hi (JjdJI^ ^d^lll ddLVjJI ^Ua Y La IdAj <dV-jJI 

. dlLuA (JjAjJI (£j\ *<<a II Lgi^dG yIaII I u.U.^k 

IdJA-a ^j-idajJI Id) Lae ^Jj^aJa ^LiaVI <jAa_jA <dUd 

(JjdJI (jAa y ^A <jllojljjJI ^jdLaJ.) (JiLaloul ddl ta_Loil 

(^jjA LjJl^olj ^A JslAjJI l-aI_loj^Ia . 4_a_ad <la I <_aAj 6 ^y jAaJ) 

<<dl^V^d-ll (^yoV—Y ^Laj)^ ^ 11^ JsAjJ) Cdl^^-La £c. \a 4\ a 1 1 50 ^ 

jVjd ^j-a Ja I (^-le ttna y IjJlj La jj^^\y.\ "yII 'vl^a a (jilj 

^jLJlLa pi yI ae £, ^ aVo ^j| < \a nil ^-<03 ^ ^Ij 

<ja!a _coll)) d-YjpA <^j^Jd-a> Lai . ^_a j5UJI dl_ loaIIj 5jlyLAjVI 

3jJjVI AjLIyyII jola^A f^jLaVI CiLlj^.1 d^. 1 ^ (( L-aJu^. <a1UII 

^^caj-^-Y jJj> Y ^ 11 £t_LoLall AjlVyj-o^I ill^jJI 1 ^*Ya a^. ^_ill 

ddLVjJI 4-aji^J £C_a_LOJ ^_Aj <5joLaAVI <-aj5L^>JI 1 ^ ^ Ly a"\ d->daa 
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j£jJ/J 11 <L±AusJ! *Llu 


4 4 4 \ \ ft < 1 \C / < 0 1 ^ c l^J 

3*] <AA— “ j j± ljj> Jb—%3 .<ia^lo 

3 l u.irwj l3c$JI 3 U i [(j jT* * Ln jA 
J3j <Ljlo^ jLa Jjlju <JLO^ £“IjljJ OJ^-* 
(( .Lxl 1 ^_a CJI3U2JI 

cl jL^33 3 jl ^Lj Jl_ ojl^.1 ^3 \*j 

^j£. f. LcJ-JlI I Cj_3CXJ1_ ljlUuluj ( Loj Li 

6*° *—^ VI <J_^1 

c S 3 . 

J 3>.jj 3jj col a i ill I ^Lj LLj V I 3a53>J I 

oljjill j] JUI 3~° AA < -^uLlu-JI 

jlp. ioij . jLUJI ^—ILc 3L33 ^\£. 


5J o jJI 


U.W1 


L5- ^ CJ— <A . 


ij xlilll cj^L-t-^lj-U JjL_uj ^_a p- L^U 
jJ cVu - J 3* 

3^ t-tjJI (—V SjJ-ll ^<1 Jq^-T 1 

<s\ 3 -° j— 3 JI 3 I 33 lJj —ljj 

6 Lilli ^LlC^M 3 ~° L 0-0 /■ Uc\ll J_> J_> 

c*ui ^U-JI 

> iU 11 j ^lc*ll 3^3 ^ 1 J 1 j_&La* ^jlj_<jl» 

< 3 a_t_oJ £j^^Lj <JUi _(_uj <_sLWIj 

. L^jJlCj <JuJjL 11 ^ 1 J 

o-°] <6^ D G> <_r=\A^d^ Jb%3 

3 I IjUlOl^. £-JlLlL_oJ )) :| GJ)a <t i \ ic 4_a_o La. 

^j-o <LaJlLLc 3 13 I ji .1 J_^ju_uI £_c ^jIuLslIj 

^jlIsju-ajlj *)! LgUj <CJ ^1 <^1 ^11 Jll_cuj 

■ ((. ^.LjlL 33 c j-a L j?i.,..-'i*.ll 

Zls^a jj^-4 J-A <J-LLt-l ,D> 

>_UVi \>L-u 

FOOL'S ERRAND? (*) 


Sjljl<-uMl £jaIJ -3 


Biomass as Feedstock for a Bioenergy and Bioproducts 
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j_\A^all . L^JljJJLJ <aK1 ^j-lc J-aoJLJ 

_<_UJ (^jJI _Ljl^jJl _<_oJI 

S LS9 _d,J ^jXLJ^JLO | 

<1 A \ \ < , i \ US (i it \ i I i \ Q ?jl ‘ ‘i 

<IaKj ^1 c j— o jJI ^^ 1 ^ - Jjj—kl 

3^1 <JU Jl>Ji V 

.^.aalll J>9>JI (_s-l£- Jb )"-'--" 

«_JL^IslII ^11 a \aaaIILj LoSj 

£\ S A til 1^ 11 

^ J—Laj 

oLjjj^jlII L^-Ju.vrv J-» 1 P < K a n^ 

(JpJ.\X 11 I JUL-^. <1^311 l^»^Tll 

CjLj^ \11j .j_CljJI iceL_ u_o ?x 3 ^ 

£>J) V C11 CjI^oUI ^1^1 _S Uajl LaCL^. 

<^JL»_o_i <jjLLc _i^JI 3 ° 

. LuLjlgj^ ^LiJl 

(Jjl I^La^] <j _ \j .N> L_iijJL3LJJ 

Ljlj|)) :^U»Li ^(JxujjlcI ijlclJI 

1 \'\\ 1 j . <jL^LJI iJj T\ a<i) 3 I 

33^ < - u J J J A^-a \ 

ejllsll ^-oLjj <1 _^JL*_a 3 ° ^ _£-£ Lj3oj 

L flc. 3 ^Jj lJj _^Jl Ica 3 I die ((.<..jlc 

(^c_IIj <<jJLJI i_j _j_ jlc 

.cullUl ^ _al a^II <I^JLs-c 

. l^yJ I Cj I 

Cj l^=G 3 ^ 13^ < J> ^>1^ ^ ^ 3 1 

^A \i \ 3 clij 3^1 p-l^i^wll 

J^U3I ^3 <cLUJI 3 a* • LjGIjls 3 
cjLjLuJI — 

3^1 jl y < m^Ij 5juJjLLI L^lfL-u3 3 JI 

** ^ " 9- 

Ju^b tju>3—" u — 0 

J a^ \ — <_u_11 CjI_ 2 GHIIj 

jl <exajoules Jb^l_^I 180 ^11 

.<clkU ^IIjJI cl^^LcuVI 3 c %20 

^_a laJ)^lc _ ajjlJ jlccll lj_A 6 JL 3 

<j^-c-c 332 V Lo_Jj c-UjiJI JjCj _cull 


Ja-<_u 3^ CjI J C 


Cj ua^jLj_c_s Cj 


ICj - 


JcVI ^11 Jclu—cu ^Lc ^3 cJI 

J <31 c 1 \ ^ .L .J> w A 3 Lc^J . I^LJ-U 

j_a 1 3—<_u Jc^l»[3^-! Li I 33^1 

Ci^GuLal ccj . ((j3jJ I cjI^GIIcj J3JJI 
<JL^.IjljVI L^GaIGlC U3J 3U3-CI 5^3-L 

£±^d. 3 -.1^ Jejl^JI ,j—s ^s—IjVI 

. till I ( 1 A^i^ < 

— CjLj3J^JJ^-II 31—cc 

Jj _SjJI 31_ sLjj jLa_ ujLj ^1 CjI_lc^j 

CjI— j aA»T 1 I — 1 c ^ —La. — ^jj—La .^1 

(J^JIj . LljIjj <j-ud^_ilj <_>3JI hjj£A\ 
( j-jLJLA-«aj jJb)) < jT\ \^> J jLa^J Lc^ < J-c^fl Jj jJa 

5 j 1 j^I cjLjjlUI 3-° J-ol^JI _ l^JI 4j^-II 

C^\ a^i ciJ ((. Cj Lj LuJ I ( 3 f-^b 

4jlC 1 1 s ~* | 4 \*\ < \ \ 4 \ 1 JjlsJL 4V\^j < 7 1 

lA^ (3—»Lc Jjl cU < 1—^3 JJ—^ 
.^lik^l jjlc. <lcl^ 6jJ) A^> i 

ljC£,j cjV^I _uJI jalLj iLl)) :JLsj 

((.cUljLaJI CjI3JCIJI 3 lj JL A 

3 3^ jCAj j^JJI |j_A j_ Gujljj 

^3^11 J3jJI -Cl Jc^.1 

jLcIIa^I ^_lc 3j) ‘ 1 I < 3 ^tll 

. <jT\ v 4 > 4^3X1 ^_S J 3jjl1c <Lcju_u 

CjLj -cuLcul ^3 3aisJjLj CjLixJI 3 Uj 

CjLc^JI j>,a/)I :il_ijaJI 

(A aAcUII CjILlcJI 3 CjLjlc 3 ^_LIlLj 

J—-jJJ —jJ) A —clsll ^C—1 31 —aJj 

UJ—^•‘A-ll 3LJ La . b -I icli j Jj—^ 

<J_JUUC> (Jl_ Jlc) 3_° 39 _*^J-b jL f L ll 

3^11 uj—^ 3 -j V ^‘ I— 

( 3-aLjLJl 1I ^11 ij_LI 1 3 aAV u-JJ»11^1 I 


3^-ca ^cJI —cLjlLla-^VI —^11 

<< A^> i KT i iLjLZaJI JjlS ^-lc 

•^jlbA oAej 


<bl_i 


^ (L 


J c^jJ 


I C_A < - 




LcLlc ^.Ij ^cJI ^jaLlII 3 -°« 3 ^l» 

. ^jAn i 11 i i 11 J a n 1 a 1 1 

3-° 1-° 0 ^=“—^ j —I ls—-A j 

LaIjC^. 3 j-^ ‘ 3 j^xnll ic^jjaJI ^llSl 
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4^|j uLinj 

LuuljJ (j! <_j-a 1 1 .J .Ch> (jjAj-L&j-uJ'/ £-Ou-aJI 

IjjXI /jj j-a. /^, <?' js j (Ki i y/ o (■ Lu / ^ LojJI 

■ , ’ >< a0 1 &*' J> cjJJ 


L>° C£j-^ 

^.aU.II jjl^\l 1 (j-° ^IjjVI Ij| 

J_(JuuJI I jlj <1 _ 1 JX.jJjJLJ jJ_cu 

V-*-3 lllie (j\JL JLJ 4_jl_3 <ACjjUi CjLijl^ 

iaLojl 1 ^ W ^ _»VI (j\ 

. ^£j^.VI 6 J_L*_LI 4jl^jJjjlJI dljJ_ <_ul)I 

< Lo^_a jJjlj J-Jj-iVI ^jl I_OJ <dU 3 lj£.j 

1 a \ ^ /\ 1 \ 11 1 < A \ I Q 11 L. Q Q , 1 \ 1 

. J-i^kal <Lo^_aj ^jl [\\lc 

JsLJjj jj& JjzJjXI jLZuy/ fJ 

^llaJ La . £-J JjVI (j-o _ lLI SjC dJljLA 

jjb ^IjjVJ <jlaLl !1 <Luj\ jJI LLi» <jJ| 

1 a\c. J-OJ 4jU jJuaJJ ^£jJI dJjJ_<-uJI 

** w4 

4 A 4 .4_l^ ^cljjVI dJj)l Anil Jjloj V 4jL» 

fUJI i_j* A^>, 1 <^J clj-i| (J-o£. 4-»ljJ 

^j| <fMRI (Ji^.1 J dl_Ijj 

<dllj j^\ j | <ju_u J^aju-uj 4_>l j(j 4 jIjl£ 

. ^cldjVI dJ^J_<_uJI 4_<_ul^J 4jda ^_jx \ La-o 

tA^A' A 4AA jduVI (jl A 

4juloj 6 j-A ^j_uj j^a:; up V <g i 

INNER SPARKS (*) 
(1967-1926) :John Coltrane < t j_j J lJj£ Ai> (>) 

L^j\ _ c. ^j\<. t Trane ((^Ij—jju I_iA»1 _*11 

LS* U^J • jLaJI a >^ ' i<[ L-u 

^ .^Jl 3 UJI 3 UJI LLdl ., , 1 

(ji\ i II f>-\ ^j£. JL)V La J \-y > In ^iaj JAS <^11^1 j-»L>^ 
,<LilaJI <jj-L<-u.a (jy_i. <-jlj)l~i»ill 
functional magnetic resonance imaging (r) 

U^Ji) 


< jdL_aj| .A> 1 ^ "j ^ I <JjIao 

^j-lc 1 <lali_axi jt_JLiLLa 

^ t t Mh it U jJJ^uclUI jl ^ ^ <JjlU 
ILilL (r) (fMRI) L5 _i^^JI 


Jal iti i 11 f-LaisJI (jjlJLi ^xj J • 

jliLiVI ^LjuI ^ \ II 

.4la j) Q ^ ^ 4 9 U> <a l \ \r_ ^ 1 1 1 l i Ll Vj 

IaL) fj I 1_I <c - uajJ>J _ ^oj j 

jJi4 -Sj.C tjfr. jl^ji _<_uJ-LI 

L c& j I <4_)l^.jLL ^c_jlILLc 4^.jJ 
4 _lLu_u jll < (jJ JL ^ JLCU s >^l 

. LJLiJijI 6 jJu-Ol2JI 

J--%. ^Jl <( — j_ ojJ> qL~vj 1 I_c 

AjuIjjLLI jLj^I jx^_2 ^ lc 4 _ojlo_a-^j I_c 

£-JL^_cliJ ^xLlLII -ULojI JjUJLJ 

Cj) J 4 \C-1 J->1 SLl^. ^jxijlsljJ _<_L 

* 4 J l_4 L<^P qL» \ Q A A.^ 1 &\ . I C . \ &\ 


<uj-ojl! .J .Ch> I a1 I £y> 6^ 

JAS . jLaJI ^jA±juuj^ ^_S 

CjLo^Lc 4jlLj _<_uj_o 4 _LIx. ^_S I_tiu 

, »f~ | . 4 tflti ' ^ 4 t a > 4» >ft> ^ 1 c \ a 

Lojlr, jU iiji J>-» 

I 4j I j_<aj . J J Uj La 4_»_o L^. LJ LU 

jLLkl 4 _j| VI <e.iUJI 4 \K i «_ sLLlII 4_»l^_a 

((6j^.wllj (jjVI (j-^lj_^1)) 4- 




(jf eLaJzJ/ (jJc /jU 

^/jjy/ ij^u 

( (^yuJb J-c I ^ I J_iV I I J C. I ^JLi I 

LjLS . I Jjji LjLJk_J<J 6 ^Jl1c. I V ^_JLil VI 

4jl3UljlU 4_>j) i ^ 4 xLclC 4j I ^-Lc. 4 jJI _Uj I 

^Jl LAjj^jUlI xViVI ^-aUju-oj 

4j| S <lj^. 4-cjjajLa CjUjjI _c (jlc 

4_>j^ _in ill 6^)1 ArfA^ 11 <_ <IL>*\ a ^jjjl__coVL» 

^-jlcl^. ^_S J Ii” \ <j| . 1 a \ ci" 4_xL^Jj 

dJllA ^jLj Vj .jxti Jl SLi^. ^^.Ljlc 
jiiK^ -La-aj £j£. <J jjjulla 4 I 


4jlL<-^uj ./^ju_ujll 4 _oLojlaI u<i> 
Ul^.j j_o caJI ( j^lj-o| Llx^L-oI^.1 

^4 ‘1/44' ^ 

LS-AA' (A U^l <—si^ ^jj ol jlnf . 

a. < ^ 11 ^ ,£\ -a < ; i 6 J1 X \ it 1 V 

bjjJuSu (Jlj-» Loj _cujlL ^LjulLujVI 

.4jL^jI ^jIjjjj 4_&i_ ujj cJlAjII 

** w 4 

4jI _txiljj ^ i JajV LoJlS 

^JaljLO 6 jJl^.VI j-ulsJI CjI _<-aJI ^_S 

J^IjjVI CjLUl^J f-ljLil is_UJQJ ^jJI ^LojJI 

(jl 4_ jU La^j .j_ lojlII 

<o»j4A> u* uj-^i 6^ c^4l Lo 

VU^ijI j\\ ill £_al jJI 4_a^C jxJAa I_o j\c 

.^j^.VI jJj 4_LJ auII 

t—11 Jo ^-<a dll^ji_ lLVLj <(»j-cjJ> 

J-o3lj jJI — <Lx9j_> .R .A> c-al a-^cVI 

^ — 4—11 ^^jlUjJI J—$-*!) ^ 
jLJI ^ 4 w <i^-o ^_S^jLc. 4idcdl 4 xnl^d-l 
Ia^. 4-cjVill CjIjiaJI 

^-Lc Jjjj >a i.,,jj 11 !_ 3 j-X-J . ^ aI a >. ,,jj ^ 
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J_A O-A 

<lxajJ .J .Ch> 





cijlxj ( .S j.^1^j j31 j ^Ijo- 

j .uV.La jj^4u aSa <i 

O^' 

jZj* * 

iduolaJI A jj^dLlL ^jLxloj 4.UUJ1 

^lalujl j 

<gLL 

Uxxfc £tajJI A jjjj (jjl\ U 


<1oLJI 6jJ) <^ill 

jjj 4da£U jJI JsLJaa jJb £l jjVI 
our Luljj-j LuxiL-o^Lj <tLuj ilaMc 
.wu^_4j jl Lult .3 4dl .sense of self 


c> 


dlj I La — dl ajl xC ^-1 J 


til 1 a^ X a \ V — dJ^^-la 

Slj-o O-L^J LaIj-U LLaJUu-uli 

.£_AjLil jJ <0.1 (j£JO. I ilj_o 4oJA 

dLl £_a dbdA ^A 4_1 ix^i^_aj 

^Jl i^-tliLa jlVn 


JL 


ajLLujL £t-G_caA »_j 




Jjjl Cu^ 




_^l J_o 
_^.^JIj 4_ 


<_2^ljJI Qa n A^—<_ujil A dVicl 

^jlajlLII —cuJI L^j^f ^ A^^Jl IdA ^.a 

^A 1 * d 1 d j) / 4 \r_ *J . 4 \ q \ \ ^ ^ 11 

.diLc^lll J a^ 4| A° UL \ L a <_ul 

£-oj .g- 10 .xAll SdAd_<Ju 4_Sj_aJI ^j| LX 

(i J^A _i_UjJsl ^yC> dol dt_CULA jJ dl_Id 

j_a_dj dLl . idAo. ijj) cJijJlII ^ \\&Ij 

A fA’ u-° £I^L^I ojA— 

ijjjrJlj cJij - .all (^-1^ AA^ 

<Ji_colIL ^ \\ I <6jlc l^_> 

• ^! 

^ut^yuiu LjjjSt 

^ </ / t^ 7 /♦ "v 4 0 I^LUxIlu/ 

.fMRI jjjx^uJ/ Jl^, j^Lui J&xJ! 

<J^ UU LpOlA LlA I CL^-i, I oLaJI 

I (—iTVJ . 4 jlxjjUlLuJlL I J^l S^ljuai I 
cJjjJti I j-jlL»I _<_QJ ^c_JLiLLc 4^.jJ dLjJ 

LlsJj _CiJLC ^JLi^s j^ajI ^_a oi Ij 1 ^ lie 

c > ' “ iVt *—-4j—^ jj— i 
cj j <cjI j-c id^ the scanner ^_ujUI 

t _ s _II jj ,vn Instrument Digital Interface ^ J-^sl 

encoding a_^ Lk oLJl^I^ M\.X^ C \ X, '] ^LuJI *J 

.^dJI ^ Sj^jlII ^cdUll JjLu <dIcLol dLjj J-C 


h» Q Q 1 "v 1 < 0 a 35 

(Jj—^ 

LT*^ 3 J—J* .A? 

^ _o 01 r>C ddJ . Lla coj 

jd^ualll 4lil^Itl 

...xt. LjJjLj ^^MRI L5 _Ladkixtl 

J^LII ^jl£. olj-0 j xhc ejjldJ L jL^JI 

( y^ (j\ JLJU_U di! j (-.iIUj d3j . <AjlaLj dJ^Lidai 

4^^ w^> LJ.C (jLj .^j,_ojJI 

LL _ cujII ^JSU - (r) (MIDI) JLij^l 

^1 ^jLJI jJ _ Ls~i ) V (iltATVA — 4_LOdjJI 

LLo ^_L dj_Ua aA L K c . djj_co 


dii.1 , 


MRI-compatible devices (\) 

* MIDI j fMIDI keyboard (r) 


ij_o (J^ ^_S 4 _aI ^\a ^ La_o < 1 iJ jJ^n.^ 

^ ** 

jLI 3j_o_cO 6ddj (JI dlX^ < L^JlS di J_ 

6^ ub ‘dA^ lA-3 

4 \9 \ \ t> 4 a ^ a ^ \ ^i I La 1 ^ 
6dd . ^Ijljujja 

.^jlajlLa JjJo. 4jLoia_ll LjoJJI 


J 


LS JJI CjUa^UIjj$ Lj 
L uk^Lxil idlljL^j ^jJ V V ^ lj 
SlllujXU dhJ! die ^/jjy/ 

j.li^ui^ y sjLxJi^ 

Lgjyj IjJluzlo aIxJI 

4 a-v a (jA <«jll 4 a-v a oiJG 

jaJLjuo'! uiVn _cud OjLi.! dS 

^ ^ I I dA-S 1^ d I . 4^^ 1 A tl .0 11 ^ \ IC. 

^UdJI ^-2 4 jla^£ 6 j 5LJ1 jdAJ dd . la 

^ J! ^A cdA' 

^jLil J <4 j^jlaI (jLld duL .4 a Vi A dll 
A L£ <dA LL_<_u ^g^jua dLdJ ^xlaJj < A * 
jajLuV^I jlaJ^JI Sjdidi. ^ duS 

J^d^ sensory deprivation chamber 
4 \\ \\li . LT^" 4_» ^.jdA L 

LT^" ^_*-fl LaA* 

^_aLlaI du_ lLla L do.j_i 
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u ls^j uj^j^ 

cj jULU/ /m$ ^1 ju (jjJ! 

?£l l^Ldl CiLaLiU)/ 

Jj-la* *j SjjAaJI ^jjUl _ xj LjdjJ 

£"^jlaJ LJ £C_G_caJ <l_LaCj ^LcjJI Ja!_ uulJ 

£j£. 6 J \X \ LL>I_ ljl) o_jL LgJj 4jj_<-U I 

L^j dUj jl ■ \ G~C_ 1^ . f. 1 A 1* \ | JJ 1 a 

. ^Lc J^-ujJ f- LolxJI cj jJ_ juj I £j£. J \ \\ 11 

. I \^ 4 L g! ^ a & jl c e-\ c\ la ILa 

o' (S ^—N cl>° b—^ 

.(j^JL <Ls1ajL 1I < Tw <f^fl jL.a.1 £jC. ^.UL’VJ 

< Uj * mQ > / < ^ 4 \ X 1 **< \ 4 \ f\ d Atfl 

Jjj-ojJ <jJlil ^ill _o ^ j_a.jj Vj 

j-G^fl jlxl> S 6j A J_Jlg 

(2>^ajj .4 jLu L jl ^j-c (j-aj-GJ 

^^laJI Jj^x g <Lu_u^l 6j-& I ^jVl 

4jLa.VI <JjLJ. <1_IJ)3a G ^JfeljLG I_JLijJJ 

jJJ-> ^ cJj^JLJ <jl I_ IjlLx-3 . 1 \C. 

jJjjVI ^jlLlj i LlSj ^LjJI ^_3 ^JjjVI 

** $ 

£_a_tlu t, QjfsJ <4jLGjlxjJ I LjJI ^ S 

.£/x.Jjlg IjjjSj (jl ^j-lc JUa^fl 


Jui// jUlUIj (jlKKuJU L f-tc JjJ lAjS 
fMRIjj^urCd! oLui jjAuzu 
?4jJLc ZjUjj ()) Zuj/jJ jxlc Itfjb 

clLuft. ^Lol^^Ll j_ lLg jIaIjI I j_a 

If! 4_oa-oaJI <j| Jj —^ Jd C£ —f J — 
J^LLlg JLlA ^jl Jj^ (jlj C/-*- 0 ^ 

^_La . Ll^.jJjj jjLS <IaJ_Jjj j^LajJI ^S 

cjl j-^ <i Jb^ '—° 

^Lj| ^liill ^Laj Ji^.1 j _LjL-^j 

iS^ u> y u >d3 • ^ <-gL^ 

l ^ LqjlLi-uj ^iJI ‘Lsj^LJI ^jl j\s^\ 

— fMRI ^Jj) is\ \ 11 ^1 — 4_cul^jJI 6J-& 

Lf»J . Id^. 1^. (Y) 3^AlVn mi) 4—L>jio 
<CjLjj_cu-g 6J£. ^-L. LgLgj <AjlSJ j \C. 

^JJJ-<_UJ uu! <CjVI -aJI J-gOl 2| —2j 


Jg <?i ^LL <s jxa ^Jg phrenology (>) 

• 'Mill Linj <l*t f>^k fi^k (J*N X 7i <j_ul J J 

(jj^lJI) inferential method (r) 



— <jLfiaJI jxLl 6j4n^H (^j^.1 ^LaLlLg 

medial ^uxuVI 4,^Lal 3 j uY4U 

6 j-A . 1 !a_tluj - prefrontal cortex 

jjulsuJI j_^LgjJI {j _g 4skill 

SjJu-aJI JIj_<_u JjlC ia_djuuj jii Vdl 

d < 4 * r< 11 4 LclG Lfjl .4_3j| jJI 

olj Lr ^i <default network 3 i < nlcuVl 
• Cil jJL jjXjJuJL 41 

<J1II <i*LL\c iJ Jc cjjjj-i cfjJ/ Lj 

jjJuj ljl_ g cJj_ xj ^j| llxlaj_i—uI ljl 

Lgjj 4jlg LjaI_cjIj ^LgjJI ^LlS 

Lg J-Aj — ^cljJI ^jI jJI Ja_Jn-aJI (JjlLj 

6-° (j® <i 

d)£- (jJJL^J-CUjil jyx S J <(J^_ljj^_GJlII 

IjjIg Lsj_& m <i dilj ^jLs — <j ^LUI 

(jl .dull aLgjlA^ I 


CJ J) A < ) LJ I I J 1 ill J 1 \ 1 (J—CU^jJ 

^iJI 4 jlAj _(_uj_ll 4 _gjljJL 6j_l^j 


Jje 




Lk_oL 






jV\C lj . J L I j^julg jc-ju-«aj 

IjLjljI (jJLLj (J^\ Lg i q is~*j IjjjLj 

^I^jAJI 4j (g Jlj IjLlg-g I_JLaJijI 

la 11 jL.Lju_u < ^jlS Ll .4 jl3uulL 6j j is~i\ 

1 ^ G|J^_CUJJ Ej5LJl 

d)1 J^C.) ^ < LLj i JjL-g j_g I I JfS 

4^ Q*\ 1 1 1 \ » -4 V 1 A LlgL| 

Cril^Ld! jjx LdL± dLld 


. jjLjJJ Jl_a-G _Ia*j Logic Pro 

£a*-° LlLg ^_lc Li i A" LjIsls 

Cj L Lu-u 4 \ g \ < m jd | 4 gx\1 I ^_g L jA I 

JjLj J-S_UJJ JJjj ^J^J Ljj£.J 

. 1 \x uL L^£. jjLlJ 1 LljJlJ 


uU 


u2lC JufiLTkJ /jLj 

?£/jjy/ ?Luj 


^IjjVI d)j-^ ^Luljj ojfLi L u-ujlj. 

^j^j LJjlC .4 _Jlg^j ^LJI Jal_ ujj j_A 

^ja.ljLG £.U\*y jJl^j JjL Jj) J_ gLj 

_jjVI <^LjI . J_cLj 

^,1 -gjlA^L! J-jIg Jj -aJI CjJ -a-a 

prefrontal 4 .vf t.^JI 3 jJjSJI LLid 

^ A < < i \ < 1 i /N t jf d qL 4 A i G 4 4 jl <cortex 

lateral 4 .vf t.^JI ^Lol 4 .tuW^Jl SJJsHI 

^^jlxj L-g < J_gjJI r: prefrontal region 
. 4_ifi^J I ^ Lg I < 7. oil L j g Ljjjj Lu Lm 1 
4 jl^I jdl Jjj-Gul 1 ^jlaLil <b j-A ^jl 

-L_ujljjj ^j! jJI JajLt-aJlj 4 jl£.|jJI 4 jjI jJI 

^jJI JLlS^I I La. j I ^ \ 3 j ^ S 

^j| Lj_aLj 4 uiV' CgSjJI . 4 _> j 2 k.j-^J_txi 
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J-^LJI j_uQJI <jLa 

La :<JjLua 4 jLJLcuI JLlJfl jLjjVI 

I tjjflr. *p u t 1 tfi-ll 

Si jL_cu_IL jJL-cuJ Jjfc SLjj^ Ja u i ijua 

jj& Id-A SiLal^JJ (jjj _ ljj I La S<juil 

. jLi*j| cjL&LcjVI j-^.1 

4^Jji J-^7 jJb Lj 

jISIj/<^ jj jU^£> j^lLxu lJuS 
<*Lxj/j 4-lnJjj*3 <Lx 'Llujj^ 

?LO±yi J-ti Sj^IjJI 

<j) jj& _! cj! j^. (J-t-^si <5_^.1 j is*i\ 

<J^ ^ ^ ^ 

f±L> <j 1^ \ Q Q . 4 \ < 1 'C \ I nj A 4 1 Q \ 9 \ 

<AjA. ^JI djJLJ ^xj 4 \^ 4jAj _cu y 4.1 

<jL 411 jiaTc. I j . >.b^ y> cjjdHJ <Adia 
^ I d VI y> j \'\\ \ jjlj I ijLaj L_ujj^_o 

jl dLill 6lj I_cua jJJ^J d *->|j <5_LL^. 

IjL^ ^JL-cuJ ■ 61 3 u t j-o ^A jj II 

C->^ ls-^ : c 5%'- u ^' JLUI ,_yJI 

oj£> ub <J—^ Cy> 4 |J *j— 

4uiV' CjAjJI £^jlL1_cujj <4AjloC ijLa 

4JLjLJI | cAjA. 4l| d_Ak-I j . IaJi \ Vn 

6du& JlL^cj (j _o cjIj _XaVJ id_ l^jJI 

■ .4_oA ( J JjJI <^Lj| LT^ 


lja_o_ cuj ^jl ^jdVI 4_*Ajja 4_cljj fj 

Jjd3 •* -*- J> J^— CU JI 


‘UiLjJ/ 4 1 ~lH yy^j Zx u. < Jj (<kXJJUmuj1 .A> 
<y-y UjMxzj lj JJ/ Inside Arts Jdlj 

t^yLilx Zjux^LxJ/ ^j-2 4 ij i i*“// ^-0-ajJLa 

7 O^}* CJ~^ Llllo Sj)_y^~o 

ytl<U ZxjLj blog ZjJjJ^sj c Harvard Arts Beat 
.(jj.jqll JjtJjLs 4-X-obz. 

reward mechanisms in the brain (^) 
inversion (r) 


- djljl<-u!iU ^-^1J-3 - 

A biography of Charles J. Limb and a selected 

publications list on the Johns Hopkins Medicine 

Web site: www.hopkinsmedicine.org/otolaiyngology/ 

our_team/facuhy/limb.html 

Limb s much noted “Your Brain on Improv” 

presentation at a TED conference: www.ted.com/ 

talb/charles_limb_your_brain_on Jmprov.htm I 


La jX^_a <JjL^_o _ jL^jI J- 3 ^ 

^^ju_ujJsL ^jjjI_JU 


Scientific American, May 2011 


4-eljj J-LC ^OULLU 

I j_Aj .dUj (Jfiuu jL^J ^jiojl (jlj 

I 

. 1 \ | 4_CU^ J I Lo-O 

^2/^0_caJllI jJl-vj La *L_calJLj 

^jjl lSj j_A ^_jL^j 1 ^ c^_^L_uVI 

^jl . LsjlSj I_la ^ _<-oJI _cul 6jia 

1 x <«I I j\ ^ j 11 (J LajuV I 6jia 

J-O I 4_s_ ojLJI n <JLJJ-S-0_ LJJ 

^. aVi i (J-4-^l J-aLju-u I ^jl J • LL^. 

.dlJj Jl L 

idjLut ZjJLUI *LL±jXI i j-A Lj 

^/jjy/j* 

<(<ucLjJI oVjl_ jlII » cj! _Jlji V 

<jLaj_(_ujl JsLaJI l^jLa JjLul jJI 

diljiSj <<JjL^. _cull) ixnjl 

t— jIjJI JL-*_uj_a ^juJlL JlL-ul^jj 
<—ojljJ Jj I (Jjuu l^_a I J—Ilk-1 —lllj 

J^. c_j j-& (_jjJI ^ a \mJ 4 iale 4 jlju-ol£. 

^jJI ^jIaII ^AjlA^JI ^L^jVIj .^^iLVI 

JLjlj <JjL^-cj JjlLs 6j-~yj 4_~>kjl 

0) ^LojJI jSlslSXI oLJl ^ LlLcuI jj 
^jl l.v^j I jli .^1 JjVL dll j <jaiLcj 
(jl (_I jli S(^/l£. J \A 

(^jJi La j s^ijjVL ^jjj l 11 I 

<iLaliLI jl 6di x .A<<ll j!^lj-c jjLjlc 

^ISLja LJL^jl j\\\\ Ldk. 

l * 11 \ \ \ \ \ i j i 1 w t ^c. L^ajJI a 

Sjlu_ujjaJJ ^JLLlII ^jjL^J.1 *_ i _ui\ 

^jAji _tjjJI <—u-yj I jli CjJ<^I_<-uj UUJj 

x uL^ili * ji _tiu llL| jU s<i,>JI 

t—V ^c. (T ^ m 1 U I j_A S^JJL ^JJJ _Jj 

JjI^j I_^l^j .Li*-Ol ^ _a J \ 

LuLa <il_i^JI ^a Jjj_^Jl ej_ I^jLj ^jl 

‘ Lfh —J <C JI J 

Laj_a£.j .4 jJI (j_ »jIajlc L_sjAj L_cuAjI 


^jja jl s isojj-c L\ i-julll 

<Jil jJI 6jj-<-oA cjjJ-cul Jilj . dlJ \t t < 11 

Laj .4 jlL. j-<i^l (j) La I j_Aj 

^A 4_l1c JJ-ol^JL JaG j I J_ijj 

.4 ah-l a ^_jjJL_u I 6dC (JJljlLu j_A uaILlII 
<_)L^.iU <6d^.J fMRI J_iJ) a^TII ^jxuJJ 

Jl J-4-^JJJ S <1- cuAj Jlj-caJI byC 

. 4-jIaLq CjLLlj 

JiAJu_aJ 1\L "s. \ Lj_ ljj dlllA JJj 

Ijjj^ Lijj 4_j| .fMRI jj ja^>TH jl ^ 
JLju-oj JjA ^y ^Jj jjJ jJI ^Luj^I (j-c 
dJjJ—cJI <jjj < J—*-LlL I—^jjj 

<Jjd^. die 4 JL_Jj| JAC. I ^A ^j-JjjJI 

J aT X s (Jja id-Jjj JAjI I Jlj^Jj . LLaj 

JU Ll^ L> _Laj fMRi ^-ej^iJI J 

0^ Jl ILa CjLajLcuI ^jl JjljA . 9 .^ _ ljj 

^y j .<Jj^.^fl ^-JLA^. J=J*-i V <11 

l.v^ LljI JlAj V dlL ^1 L 

%* ^ 

.cL^iLklcul ^-JkLcaJ L (Jj^ILju-oj Vl 

.^j^csjAlo Jj^e CJJL it I <ll J x^iall 

^^/jjyb jU/ lS ^ Lj 

f^jy/ Zxaj4£jj yj £ljy dhc 

JJ& 4j j2kjl I_OJA ujj _caJI <4 AjlA^JI 

I JlLu^. La IdJbj . ^Aju-u j-oJJ ^Jia* 

ILAj .^. runJ I ^^A LjLol^. 1 (jj' (J 

4j2aJL_o Jl I_txiLul ^IjIa I_a LAjI 

LaJjj .4 jl^.IjJI ^_a_<_aJI djl_>ljL a^>I 

d^J J-coAl J^dVI <-31 aJ £\JJ 

dl IujL ^A dJd-dJI jj) lS \a 11 

4ldLu ljj I (J-gj < <_uL^. ^ 1 d^jj V 

dk. ^-O—UjJI dLj_CUJ l A \\ A ^kJjJI 

6dJd_LU CjLjAjJI 6d-^J .(jdVI <_3LAjl 

. I J_2a. idjl^w ^ dild ^_o 1 ^ \*N lj <<£jjJI 

^ aJAJ dJAJ Jl jJb diddJ IJjL^J Lj 

a ^jj,_cu * * < <> 4_»dJ djL (J. 4 JlL1I 

) J_0_UjJI U * i Z \\lj is~i | dlj J. jl 4 jLl^. 

.^jVI 4j2jJ ^jj 
. LLoi t a It r> J l Jjj 

Lj_cuj V dl 


—idJI ^ —Lj« 
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JtlajaUat 

!2U©loom 


aJLc 


2/1 Jb.iaJI 28 jisJU 

2012 J^bP /j^ 


tr^ JeV-*A ,£lAi// o L u s i y lL cly,K d l l _^1Lj V 

L' ^ i! ^yJajJ! JtiA > <iZ)Lcjj^yz tjjjda y*/ LljLA-a ? Lull) 


<JIjju9 .V> 


j) 11 dl nl*\ ill ^jl 


dsl^J_II^ CjLojl_ 


Jl 


.B> ^^jLj^jlsJI >, a ^ <JIjl1J Jjuu-u ^_L*_9 . *>. I a II i \"\^. 1 1 <Gl£. 4 1^ c~ I a i— 

^-tJjljJI <uIj^ ^JjVI 4 -^Aa-oJI ^_9 4_a_cL^. ^_j _ <_uill ^JlxJI <aj1Aa jJb <4a jLajlC^M 4_j _<_ujjll 

o! ^’jM-iy/ uj-Z-H (^b 6' <P ^^b) d— 

^2x>SJI ql ^^IslJlII ^LUVLj Idjjjj-* (( J) x\\ 11 (il nK \l'l » 

4-jJ \ lV\ II ^LjjlLII ^-9 I J_A (( jIjljVI j) * ±s~i \» 

dilj ^-9 Loj j^aL j_A Lo ^j-Lc (jjl^ L ^JI' 




LIVING IN A QUANTUM WORLD (*) 
\ r\ \ I *"v 1 1 \ \ r # ^ & Jjja o»t. JLAj . j :<fj^*-ll (^-11 <-bj The Elegant Universe (^) 
. (2005) ^-alsJI a. \ q” 11 <~^ 11 4_<_u_<_u^o :j_<_ullll 


-^A J—^ -(t£J (i p 1 ) 

II ^jjLslJI 4-jJ \lVill a Ijj \ 911 t^)tj oIAjjj^JI ^ 
• o4|l J^UI 

4_j JjlIajlII ^ L>UI 1J 1 * 1 j j ^ 11 d]j)l A nil 4 _jI^-C i ^jlj j 

.oIPljjj^JI^ cjU.UiJI (J 91 Lo ti ^-9 4_9 jJl1I 

J) ^ 11 t’l \\1 < X \1 1 ^L<-oul9I_j J(^*_JuJI lj_& Ji.nli.in JjL! 

j U>(j n ? - ' l efS j—^>b c^-5^—(JUJI 


<Lrf-uAL> 


^aiaj <Llq^ci^ J_i£.LLq JJbl_ ljj <<ju- 2 slll olj-j_<-uJI 

. Lis J I AC I j| Jjj 

_ l - u lj -Jaj ^3 (J^jl dJ-il_tlu ^-aj11 (JjJLaUj 

s ^ — organisms (<Lxa. oLul^) CaUuaxla Ln — Sjls- ^kj ^ d_1 j 

i ’. ' r 6^ a" 


<ol^)j-ll <oLljjj^-ll _Lu^l 3 - 0 JA^ll d-ul*^ <11 eJljJLJ 

.jJl ,".I a ', ,.-v ilj 

cdl^ Ll _(Ju ( 3 - 1 ^- Jd=n «GI LiJ^Ai (j^jLjL>j_LaJl ^-Jlcl^. dll j ^L 9 

jL*_»l <Jl- ulla ^j-LaJLll 6 Jj-CCl 11 <GUua —\$ • Aj^aJl 

. ^ ji ^ ^ 1 1 6A-A 
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.^g_a 4jljl&j1I ujjL^JJI a7< 1 

fwlc c-XJl&jII JJjLlJi _<_ull lj_& CjSjl ?4jr>-*i E> £jL jU 

t5Jj^U-b C —*A?4 <1935 

JajLi---x j\mj Jjl^Ju-uJsI ^yc JjL2X_» (JS_2u_» j-ZX^L La_&J_^J 

SjjU a \ 43 J a*^ 11 d1 ijK xll . I afl \ \ \ J. 

lj' LT® 


^2 lSLJ 


-Aua jJlCj ^3 l~\ Alrt T.X>L ^jl <JL-Jall 


jlS LL a 11 jv i ii 6j(j|jLi-i <Jj) 4 /^q 6jjJI &J-A CIajI^ I jU 


^g_S <L-all ^ a u Jo J\Cj <6jJ_II CxL 


O’ 


«LU| 


^^^.48^,(1997) 12 jj_^l!I <^£^\ < 
<JUII 6 3-4 o Jjj (_£j—i.1 oLc.j_tda ya j jSJljJj 

— jj^j_i <Li^.jj 4_kJj^l, ,«*.)_»j-OI (jdl j i. 

. 1 998 J — ^jj^LLs ^)l J y-*z 



(—1J A.rVt Lo_A I J_^l <_Jj£j . Sjjll <_JL^JljVI <JLQJ) A\ 11 ilLJI 

^gJb 4, \^ ^I j .^jL<-jjJI I JJfc ^g_a jIjlj^U £1-Ju X? cs-O^l 

I^^jJLJI ^g_3 ^ jJa. a <L-all I a 1 I V I jll 

. 43jua j I 4 

Lj A£ (jj _$11 jd_u <<2_> J_ 2 >JI j JauJl 4 ^ _aj 

<_i-^^J tLI jIj <_» Lul^j I_aj ^_dull 2/-> 6 ja*ll 

4 II <JLJ| Cj Laj I a 1 La . LjLj ^j£. 4jl aj) a$ 11 (JjlcIaII 

^ 1c. <juuJI ^gJI icj_cuj c_jj a <m < JLJJ (J-u x_u ^g lc. (4 _LlLL! 

^Jfel^lkll ^ ^JjLuj oL^Jij-S _uu 

4j.\j \'k'\ combinations CjIjL-^jI < l^Lltl j^sJI 

. Jdjaj ^jl cIjjlIj V CjI ^g-Aj ( —jlo Cao) 4_aJlLk-o 

(J^ ^ XiIL> iajijJLil 6j(J)jJu-<jJI oLajliL.ll I )J I-OJJ 

t f^\ t (( 4j-aj-O^JI j j* Lc ilo)) ijiajl] l^j| j3JI 

.[78 ^ ,(2003) 3/2 ^IjjxJI 

^j_a 1 4 jl£. I j!=lJ 1=lJI jjJ I ItlA. ^gl I I ^ LuJu^f I 

IjjJlL!I i ^lK 3 I .\5Lflj f6jJLS_t-oJI _<-L^fl 4jL£.ljia 

. I IjlU 4_>jio \ \ ^g_aj) r>*N 11 dl \ \ 1*^ \t\ 11 ^ TjlaJ LJ Lc 

^g_a oLaj_L»JJ (—Uj_I_u3 i_aLa_J j I ^ LLa_J ^j \all <31 *21 

^g_3 jlJ jlC ^g-aj-afLli cJ_uK ill LJ ^JjlLj 6J_sJ-C CjVI_2^ 

dJbLxlVi ^g_a j_A ^g-aj-a^JI (Jj_ XaIIj .6J_^-a ^j| 

1935 ^lc j^\ojj_2L L^sji _<_u <x\K ,entanglement 

dLl_ JojJU .^JLsJJ ^GlLlS 4_La ^.j_i d^Jll 2 

^Halil La) >v t ,«a\ \ L^_La ^LcL^. 6Jj-LLa oLaJi a <<^ 

^lc. 1 jjJsl (T^a < Loll j ^xj_a , t a311 J-iLa j^_a ^ j_Halil I 

(jl^ <(JS1I Id^J 4 -jlc1 ^^.11 
VI . II JULJ L^_jIj_» 4jl 


Vlatko Vedral 

* tA i I I /yd< </-. 7 ^i < */)/<*'."/ / ^ > /i C? ^ o a 11 i da t~, a^j i yt~,"t <J!j ^> y 7/ /" / 
(JljjyayL JH 7IJT aLsJI J 'ilyjj/. (jjj^-yJlj ijJjiKt ujfj^UI ZjJLjjLAJ! 
^yi <juiL±j Jjtj<‘ ,<*0 IjlJ-t-ul^Joju 2009/6j$ i?(II J-Loy 

. SjjjLi-Lt.a ^-3 Sj ~\7i/ 


. jLxj^M Jj^) <4_LJU_al 

J J-3LJ V 


^g_a <7^JLl a7i\j| CjjjJ)> CjLjLlJ 

** ^ 

llj^ ‘cJj__4 -uAL1I I J_A VI 


jL-Ol1x 1I d-ul^ L) j f(Ji^fl 
I ClJLS jII Ul * n\ a 


A TANGLED TALE (*) 
en masse p) 
1 <l/a^ ^ L^/)) ‘J—(t) 

j d Li Q <1 <N. t 4 < Q t U 

a.L_ujj (Jj)j 

jl : decayed (r) 
. JL-ujVI !jl (1) 


£_a-*2j (j) (^j-» jaILjj^JI _ilLjjLall jA>^a . LaJbj 4_ jj^ 

. ^g-aj a*\ 11 dLuK til ^_<-Aj ^j£. Jaj V <_>_\ \lV\ll ^1 _»j-lLJI 

^g_a ^g-aj-a^ -JLsl J a -<_u d-J-<-a 4 

^g_a a^> ) <^_aj_a5LI I Jjl£. U11 4_jjj <j ) ^ I_*_» VI 

*klyJl JcLaj J_A (_ \ i a < 111 (jl-^ ^J^-ujjSUI ^JLaJI 

. I ^ J J \ ^n. \ ^ j ^ ^ 11 \ 4 I 4 a\ l ^ L ^-JlJU I ^ \ a 4 4 1 1 

jlj^ul d^ LSI i I ^W\ A AA S jaJ <JJL^.VI , J S X 11 ^gjL-XJ 

^jjJI ^ \\ lj . 4-iUij)^ A * ijj£ Ll I jLatJ^fl ^g_a ^g-aj) *v\ 11 dJjL-ull 

6 j a TaJlJl a 4juaj a^N 11 Jj^LaALa . ^gJULijj JlS_2u_» dllj ^jjls-a-J 

^ j3j3 J\ I— f£L* ,d^Uijill ^ 

L_a L-ul 2 X 1 LiLx 

ujL A aa«I Jj^-liil 4_culjJ ^gJL^jLa-a 

^g-aj 11 dljl ciJL Ax jolaJ I <J-a£. 4 _lL^ C LJ 4_a uiCi L 

6 jlcJ ^gl£. Ljjl^vjj .dJjli_dull jxu^JI O^- t — 

jaLj SjJ^a. Sj^J -I^S JLjji ^ J J^Vil l 

. LlLsJ 42ijJLa 

^SjSjla 3-iljj 

^g-A ^g-aj) a*N 11 ^gJLj^JI jLj L JulAjJI ^ L^uAJI 2 )| 
LljLc. 1 a [qx^jy x"\j .^Ijl^l JdJULa jxJLsJ Jj-uu^flj \ ^L 
jLj ^ Ij3 2>—° 2xi~^ ^-LLajJI ^j£. 4—jjjlalll 

.^.jrwxlI jLjjL LS^“ aJ 4 a \jall ^LjJl^II uj 

<_>JjJaj ^g_Aj f4_Laj-a^ Li JjA_a_s dLLaji_ui\ ILa 

^gJJ L-uuL-u) IjjJ ^J2x2xll ^1 Jl ^.d£. ^g-lc ^glj^fl ilj^fl 
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_ <Ll4iJ-AS IjLLo _ 

W kU-sl jJI SuSj 


3^1 J ^jl <_aj| ^lc ^Jtj 11 6J A 

^laj ^_lc A tnVt (-^jjuuS\ ^j^LjjJL^JI 

Oj^Lojj <JZ\ \ 1 lj .A> ^ll jll . <laL_u_i jji^l 

Slj-o ^_lc 3j—i_3jl> LuljlS <J«_oLi. ^ 3 

JU. ^ *\jj —H Sljll 

<lil2 LgJdlj 1 ^ Jc ( jj —jjAJI \1 

oA^' (S^JiS -3 j-AA' Ujll^l Lo 111 

J^j-i ^jl o ij SjUl Jjj Ll& 

C£<Pj -<1L^ 6— 0 A “^'j o' 


-UaII jjj o'jj-11 3^—i^L» 3- 0 <djll Sljll 

^.JC jl Sljll JILu . Ls-o <l_j^j>j 

<c_i^j> -tail I CjJ-o J I 6'-i^a. 

£t_JU--l ^jl 1-dki I Ll& ^-AJJ • Oj J-11 

J<|^» n 3AA" (J» ^ i A. -<-uj)5»C SjjjJu_aJl 

dilj 3^^ ^^J -Sljll ^.1-ol 3j(jJl ^-11 

^Ls 4jl of. 6j_J3> <*dl jU-Wl 

. CjLij^ I 6JJj-aa ^_3 Sjl^- 0 diLjJ I 

<_lLAjJ1 A ij^d-11 60^1 ^JfcjJjla-* 3j 

^-U-~v ^_lc <^_yxsjS>j jLu <<b jJjlII 

^ —u <3 j 1 ^—diai>j <j^d jjj—cL> 

A 3-^dl 3d>d C/-^d=3 

.3 aXj ^g-°J)^'' dhjldi-oll 3-d-ij-dl ^_3 

J^IslIj ( IjJjlJ ^-1 3^^3^11 <—1—Is. I 3' 

3d a _did 3^0* '_aLoi&l <<1_L^la 

^ a ^__uLj A * . .<1 . <« *)/) <L^jkJl 1 *1 < ^ 0 it 

1 \9 U*» co| 3a j 3^' l-^l c LlLxxJ 1 I 4S1 q > 

^_3 «Lol^_o 3L3 .c-JjL3L1I 6J_$_» ^L*_3 ^l_3JI 

. 1 oj)^ 11 


. Lol^jI jLi-UJ V J lj_LO jl Ll^. 

J L^| o < L> u_Ji> 3 V lj—l 3 j 

3 J 3 3 I j)^ll 3 _uI^jlII jua \ (A _ 1 UJ 1 

.reversible J_a£. < >LJ 1 o < 1 jjJl 

: L^_i o-qL 3 ( 3^1 o'j) l^i^H ^ 1 “*- 1 | L^I^-qLls 

J'je oVI JaiJl 3 ^ I ol—a 

S^jjJl 3 j—^ ^ <Sjjjl—sJl ^ < <<11 

IL 3 ^lj <Q|< c_J j-*> V 3 sj Cj-L^- 0 - 3 a 1 

. 3 ^ 2 ^' ^j- 1 ^- l- 3 _o 

• 3 jl>" 0^1 3 Jj £-aj 

V ^-lc J <^ijJl f-\ -*J| < ( jxi_J|>J 3 — 

^ 3 _u ^1 A _ 3 jjJl ^ lc <_>Ij 3 J 1 A _ 3 t_o ^JlIj 

<3 Jjj Ja^Jl lj <c_JJ i> 3 I (^ 5 -^- 

. IjlLQ jl 

c ^- 110 L^l '^J 

J <'"Q-l' (_> u —< L> oJl> J— 3 cu 3 ^ J— 3 J 

< 1 (g ' Lqjl 3 _ijl^j (SJOiI _dill) 

^3 3 ^ 1 -^ 1 ' ^ ^ * <<\ 1 L> <c_J ^>0 . 4 JUJI 
1 ^ 3 i/> 3 UJ . 1 - 3-11 <IaJi t_ujJI <JUJ 1 ^jxi 3 j 

JA 3 . !^_S _3 Cjj 1 <J L=»J I 31 3 ^-» <i >*11 ^.3 
.( 3 Jj (^lc 3 -i-lj 43 jjJlj Ijj—L^I jlJ ^|j 

3 Ijj-u 3^1 dJLa < 1 —sj^-jlII 63 a 3—3 1 j 53 \j 

idLul^jll 31 J<^jjj _l 1]>_3 .3 <^^ 13 Slq 

(jxuJ :<_»j 3 ^H' ^ L-a-du^I (^- 1 ^- 3 ^ ^ ^-qj-o^J 1 
<C_J^J> 1 -«^[j <-t 3 _oLc <JL^. ^- 3 6 J 13-11 

V I 13 - 3 -U 3 <[ ^ ^ V <j I <c_j^ j> J 3*1 a \j . 1 1 A \ I 

.<Gllq ji <- 1 ^. LqI 33 ^ 3 ) 
JjLoj ^L 3 J 1 ^—lc I jj—^ 3 sj 


d3l<: 31 3— 1 tjl3L» <1 j 13J1 Sj_^-sJl 3 ' 

LS^ O ‘OJ ^ 1 

3' 3^ A j <j ttiJl ^3 3 ^^ ' 31 oLlj 

<_>ljjJl 6j_ a ^1!Lq jl3 .3_j^c ^l3 ^_11 

— A 3 ft311 «lLo <->j311 a 3 \'\ ->>. 11 

I 4 J — < 331 ^ l^-ill ^>1=3 (^j^l'j 

S3^1^ ^ 5 -^- < o^ jlS ^ ■^ > ^'- c - 

3 - 0 ] <^ 33 ^ ■D > ^ 1 —^--^Jlcj 

.1986 ^.Lc [ Jjj>3 < ii^l <U»_qL^. 

< 6 j-^Lo <Lul> j~ y"' 3 ) i_y^j ^-^-1 

<i^C <1 ) jS> 3 3 \ J ts~> u» lAj <<L> oJ1> 

<J« 3lo 6j j <4 jJl 11 ^_3 u> *3jL$ < '-^ S 3 

. 6 jUl (J—^ a 1 A"s Lo3c. 3ik3 13 ^ 11 <j 

^lc l3ij3a l3& 3 L- 3 I ^ ^-ilj 

(Jj) 11 3 ^ * oil 3-0 jii \U) .<Lat_o 
< L> ujJ]> \ Loj . ^la— 3 JI 3-° 

L$_3 3 j 1 : < 1 —ILa. ^_s j3-3i Sjj —11 31 j-& 

1-3.11 J Lat—o ^l^k o J_iCj <_Ls^-o_3a_o 

<31J-O <C_J^J> 31 ^-oL 31 *^1 • l-*- 0 Ol- 1 - 0 j 

. 3 GJUJI Jl -^.1 ^_3 <3ijjj 6 j_ lLLlo 1-3J1 

Ji—<_3 cjUI c.ir3i <_3jj < o jLi —^ 1 > 3 ^J 

<JL^ ^-3 13J1 3 ^ 'If '-^ ^ ^ <l — J J- i> 

.*o»3l C_1 l\ 3 (A \ \» o 

131 Loc 3 *—-<-35 < U ^JI> 31 la^^Lll 


1 J-& 3 ^ ‘ Iajlo ^ I 1 - 1 ^. Ja—sJl 3 




3>^ ^ 


U^S 


L^JiJ .<JUJ1 collapse jl—3 j_ijL3 ; 3J1 
Lol 13 J 1 1 (3 3 ij 31 < la^ 3 Lo_i _ 3 J|^J 


i^j\ \ m< ( jxiL 3 J \\ 3 cj . jc._ 11 45 _» 3 _-*L° jl 

jaui_in^.11 3)^ I til LojlS J ^Lt-CLaJl ^_a Lo 6 lc 3 il j\ _lL^.1 

.^LiklVI 1 j-A 3j^. l 3 lL 

3^03^ ^ 1^ 1 dj) 1 in 3) 1 ^3^3 ^ ^ ^ < 3) ^ ^jd 1 1 c> 

6L^lL L 3 -S1 jjjj-a 3^133^-!^I j^.1 (3* ^ 1 \\ \a \ .j.ilal 

6 L^ 3 V La 3>_3 11A a 1 L 3 _a 1 ^ _ c^i 13 ic I_<_d 1 *_13 l 3 c 

^3531 3a^ _<-dl 3)1 4 >yr 31 j .id_cull ^-a^LLd ^jx^LaJJ 

Observing the Observer (*) 
spooky action at a distance ()) 
.Osjjla- :spinning tops (Y) 
particle’s spin (r) 


j| <J )^.\11 Ijjfe (^ 5 -^- _tiuLo ^.Ual ^^ I 3 j^oj V <11 

oLoju-ocJI dJ_.<JU^C. ^.iLll d-al_dill ^ lc ^.ujjLa 

3 >C 1 J J a a cdlS 3 )lj ^—jl^. Jj3 3 ^ 1 ^ djl- ljj <^jI -dill 

6 ^ xVi 11 <julo _ul ^Jl < 3 )->ll d\tl>-i ^Jl Lo-o < L^_xdjLJ 

jjlj 3 ^ Jjti» 

O Loju_ul^3 I 3^0 d-iLdl fjC. 6 J lx. 3 >jdLi 3 jLLll 111 J_dLa 

J^Ta 3)1 <^ 1 ^_Ul 9 ^ L>° ‘ 3 )^^-Oil __3j^fl 

^Icdl Lo| 3 IJ 3 OJ 3 jJj a> X^i oLoju-o^JI 6 J-A 

Lot) 1 ^) J)^ - Q J-lu^ _ SLdl ^_S ^ I A c. 1 < << 11 ,_ ^ Loc 

j-oC jl I ^L^jI ^Lddl <jiall CjLaL^IVI £_a-o^. 
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djLijUl . 

It VI 1 V 1 V 5j—cell 4 —lc^cSJJ j_Al^jaJI jl jj.u~4"uL i jj—elL^eaJJ jlS 

. 1 — U lT4"i ISjl (<l 5j_CiSJI C»L\ t—Ut^JI J_i3Ll£ (Ml ni**1 I <\'\ \ \ ‘.Sj j-4\l) uU 1-tU^JI 

^-U 5j^J_» ^_a oljjJI 4_Wi (JloXI Juju ^-Lxi .d_Jj ojL. Vdl 0—1ti 

Ladlfc »x^.|j <>l_^j| ^ v.4Ku^jj (oLj j/ /jLuui) ^j-uixUI V CaLj&Lady I ^ 5 —IJ 

pLjuiJJ ^jjaliuj Ixa judl 4XJ— 1 x 0 v 4Kurdj Ifl.Uc Lv,,< <teblica Vjce jjulLjuiJI J 3 - 1 K 4 
JjlsJI)) - 4-ca i^lSJI d-iL-JiUI 5ji&Uc jl ^ <A1J .{aUsji h mjJf) 4_Ua LAj jiLau iL_tjuiiUI 
I juau 4ijlill oLa-u-cuaJ) ^1 jA. Jy <t‘n ^Ul - The spooky action « ^.wttll 
jxiUIj dL»l_JjjJI jjj t a_> j\A\ .{j>ljjf Lluu) ciL4Kur>V) ^ls. jx,l m’i - LAa. 1 

.(^LuJ!jiujjJI) 4-uxolalMI B j^ldl 

^.idard) oLaijUl ^c_lXI ^Avti v Ai< 


3jaj.it. a <a j_lC 
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OoC*o 


Q (JA1 jjj 
• Jj-O jJI ^juluj 



10- 1 


(^Lt) Sjl^dl 


10° 


O' 




o- 


C5J 1 


c-La j "\"\a t $■ 1 x^j a II ^_a LjLj 12 £A_Ij^l^JVI 

ll^> i \1^ I ^_Lc <_i ^^lal I_i_a ^ I <_ ^jlU 

^ ^ &l-:2*ll ^-3 (jnjql J-A ^1-^l!}L! 

1 \ a a 1 ^jjjLlLII ll_ij^.l IjLa . V ^.1 (j!\ £\ \ a n^k. II 
<(jA a <^1 (^yLAL^Jll ^_a Lc_aLjljI^J 

(£\ <. LsJj-o^. ^IjlJj^.1 1j| Lcl 

• (S ^ 

** ^ 

. M ^ ■ c\j) ■ c>^ i 1 1 i^/\ .^ — l ^* n 3 O ^ ^ ^ 

< jlVs ^ ^ .(^jIjJlj_<_<jVI ^1 j c 1 a tl^-o 

^ ^J-3LJ ^j| 

(2/-^-<-tJ J jaJ ^jla, l ^ ^ 1 jg a < > 

J-2^ I Jiiiaj I- q jJlCj . 6 J-2^. ^J-C I-a^_Lo 

Lr a LjljIj) xnC 61^1 Ana £j\ ^ i 1 1 1 ^ \ I 


<c jjj^L»JsI i>l-Ci 

^jJI <- 


3VI 


j 


1 A .cL 




^ JL>f* -^T"-" CJ 

j^-^-ll (3^ Lil^$ .6J^.Ul 


La^ 

,l^a 


Ljl JS- 


ilu <J j) a a r> ^_ jloj j I »_ ij>- 


ji^.1 JaI .j-: 

<ula^ ajX^3j [o J —3 ^e-b^ t>°] <cr^i G> 

_ui \]rx'\X a ^_a 1_Aj)3 4 A>j(j ^jjlLlUI JjiJ j^-La ^c_Lo _c 

JaijLs-O^ _ lil ^£_a J(J_ >.s~i"\ "s ^j| ^ ^ \ . _^jLk 

j < Ja^JI dsL^Jil ^_a i aK ^ I Jjl—^Jij 

^jlII j . ^^ 1 < <m tVi< L1 3 icl^hJ) ^_ lju Li * a jju> Lc 

-LaJL^iJI ^j-c ^^1^ J- 41 ^ Q^* } \ I_^-AjlUj 

j . JI4.-JI 61_2kJjI ^_a Lo^_a 1 ak x^>I CA^-jL> lA-» 

^jjjLua ^ni 1,1 JI4.-J1 6j-cL ^XJ^^JljJljLj ^j^I^LJI ^ 1W*\ x x 1 1 

ijL^Ju-ul ^)| I j J_2k.jj fe_aLala-uiaVl ^_a i—njt-11 I j_A 

JcLalJI ^j-c A ^jLjlII 6J (JuJI 4_> Lo_c j,jL^^ _<_uI 

ACTING AS ONE (*) 
Quantum Salt (**) 
magnetic susceptibility (\) 


I ^lc < I _ LaJ 4^jla.1 c^jJI 

Jxlu I ^ ^ \ I a < 1 a g ' l*\ I < 1 <1 Vt ^,^-.11 

6 U 2 I t A A A X ^ Lo-AO^>I < t 1 X, \ .Ck A l i \ Lc ljI >J 

. L*i I 6 L^JI V Li I ^3 4-C. I_<_uJ | 1 LLc 

lj_A ^jLflj 1 la (^3-11 Lc L>^ 4 j 
dll I dll j t a A A I . JUUU <l| SJ)^k.lll 

Ljj) a c ^_ 2 k.V I ^ 1 \ aa 1 p. \ a < 1 ^ dj-ca 

. 1 a ^ \ a (JSJ t i > J^ 3 ^.J > ZLljj&xj-u dll La 

jjL^c C-SLcji _t n^k. 11 <11 _ 3 lJ^ 

Lc ^jjljl! ^uLlLII g._llll ^jLa IdJj .A _jljIj 

. \ « 1 i C \ <j \ \ I C \ 1 1 £. 1 \ C I I ^* j*C ^ \ 

(,<) dJ^I j Ijj J-ajdl 

^lc CjLcji_ i-o^JI ^J-C <la^ dlil_cull) <—vie. I (j c <A7> 

Lc-c <aj»La Cj\ a u <i~>k. ^_c dlil_ t 


^Jl ^ jI fj—5SVI 

^1\ L_Jjdl L^LcJ-CU 2 i. 

IsLlIjVI <i_L ji iA L^liLi-^ ji^lJI 

<1 \ ill I J-2k. IjJLA^ oLcjIjla CJ j _cull _culVI 

dlil_Lull) ^1^ Jala^JI 4->j)* x^j .^Uailll Ljilal _ uj 

6J-A J^iLil cut (J(jl <:i l-*-ll <^-iL^-J (^IJI jxla£.^l _ 2 J 1 JI 

. <JLCJA^II uJJU_ul <^,1 aC, JLcJLJU-uI ^a 1 J_S J 2 JI JjL£.lall 

jvklll \a i <11 2003 ^.1 c ^_a <c^Li <_i^_^l C \1 \i j a j 

i Lcj\c <^-il_ tVil a < 1 4 A i| ^_ a <^ a \1 ^jl lj uUI 
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Sddl j oj LA 




jjj^lj <jdi d ij .A> <<Cija jl .M> 
(I " 4_*aL^) 

jjjbl 3 cljjj-u jj .M .A> 
(^L^l cWJ jSjU) 

ujj^b E> 

(Ijjb <UaL^j jJjj djbu^AJ 9 aaIa. jj j^j 9aaL^) 

j^jdl^ j \\ i il .S> t^j-ujJjAd .S> 

(l_j_b <L*aL^) 

jjjb,! j <<Ai^J .J .R> £ <jJjbbj .L> 

(jJljj| j 4*ALii j Jja <L*aL^) 

jjj^lj <j-uL$i ijA .M> <<Jaa jl .A> 
(IjbijLi Qjlcu (Lbij^Ldld 4 aaL^) 

jjj^lj <CjMj .R> (<yriua .H> 
(dJj W uni 9 aaL^) 

jjj^lj <jj , ilj-»lj .J .D> <<Cuxi ja .D .J> 
(d»liUIj jAbb-dJ jfaJtl) 


djt < <Yi II djlIjA £ldAjl 

i ^ IAaI ^ ‘^AjdJI *2 




■L-JI 4AAJA-SJI JjX-liiXI j^CUAJ V 


(jUsJb 


HU 

900-1000K 

1999 

jlji- (CjLbj^aJI jl 5 jaII ju-» J^ldi liaj 

d^luj «*l li n"i <*Ll 1 Cjl./i u uII 

630K 

2009 

ditl ^LaJI jdJ (j^l jl) ol J HI old i^_lL ljj dbL-ai ^LVttuil 
metal carboxylates iL>bxil d^ddddl 

294K 

2010 

■ ' '<^jJI ddtli jj(t Vi dblJAdJI J_LtliJkl ji AJ jdl 
9 ajaaJI c-JLVJI jA J- 1 ^jj-dJI 

240-280K 

2011 

oldjAi. 9 aa^aS J-Ltldo Jj-Oj jaaa. ^j-uLd ^dj J V o 

Sjj 430 jA lAIJa JSbdJI ^^bjjJsL^i dJj ^ Lu 

0,1 K 

2010 

jdAAj (9 aIusjXI 4djli 5jl J ^ 45aLuaa 4aajaS CjIaa jiMj 
^ ^ ^ 4 aajaS jdaj tijlA-V (■ 1 jj^VI 1 A^-l 

25mK 

(jdiSdLLd 

2010 

SjAlAkA ^ ^JAuJId OldjAl dulAJ jA iHIJ a 4SaLuAA jbjl 

IajaI 14 j^l^LJI .CjIajaI 

0,1mK 

2005 

jodb (Jjj) LubjjSAA 40 J^tsu j jjA djjVi 

jAklj jl jdlibA jAJJ^JA jl^A d-L^-J (djJ^-U 

0,1mK 

2009 

jUiuJb dddljJI (j^sl^dJI jA ^Jj - dlJIjiAVI J-VI djLjjj 

jdddlj fjjJ j-iHI CibjA^ - 


4 jI£ oljj ^Jl 4 j— 
lattices uK \ \ < <i ^_s & djj Jl 

^Aj/] '(wijJillll) d, xL *~>^Xl uQj ^Jl 

. 4 ^ Aga // 4 JH) Jj^-ll 

2Jd ^Jl jAiJ .^^AAdjj)_bu <l=Ld ^JUll <Sd-& <Ia_Jua 

I J VX S J | 6 I^aJ I ( CJ I d-2>.^A | -i | 

I j_& (Jjla Aj . dA j ^jl ^_a ^/dlJLAI ^_a j I — 1 ^ 1c 

^sJ CxL^-g-A| ^aJI <_*_All 6^)dJI L-dj 

2Jd-ll dJjAHj . iiiAdJI JdAAdjj- ljj <AjAi ^d 

^1 l \ \<\ s Jill! < I <lxdA Lot. JdA_<_u_o (Jn xVi \ JSS 

. <Jl-A 1 ^ I 4 jljl 1 I <AaJI J(jd (S ^3 _^ 5^^Jl 6d-Aj . Jl_CUA 

(2/-^ ^^^-11 <A)Jl 1 JI (JLoJLJU-uIj < LTjJlII I { jf\ XU lj_A 
L^_a_s J—^a ^aJI < 6^)jJI Jjiaa. —ju-^IaJI 

olj c^^-VI J\ ^_a < ^ 1 x < m 11 cJ^AIa 6 l^ll I 


Entanglement Heats Up (*) 
superconducting quantum bits (^) 


d£. I_ ljj Lid La I Vj>a i j-j) x ^>^a ^*na \ Loa . AAjj) 

J^aLc ^ Ic, ^jJ^LJI <a AJ ddj t4-CLo_-%. JajlJI ^ 1c. oljdJI 
jJll 6jd 10 20 dild^ ^Vl Idlj .dLl x t nll 

.<_LLa <ALALc <_! A c.iK *t< 

<1^> aajJs I 4aa I ^-AaJ I Cj <Liij j-AI I Ja£. ld-l I caAJLIj 

^ajLA <jL*jj3j <^ _ L|> I did <_dlLJL 

. AaJa-O <_ X \ — <LiAdAjLA d^. 6^) J_oL^jd ^j-d 

I (_y-s] <1 j M> udi 

i_sl .t.Tsl dJj jx-> I j) n~t ^i' A$\) (_j- a ^aL^jdl 

JdLo ^ —^jj^U.1 dLl—Aill 

ot-a.jJ LS —Sj Sjlj—a. ^ 

^Jull 6d-A ^d Cj LoA_LJJL^JI CjIaAA_ LJJ JcldA ^jl J . LAaI 

chaos J t nil ^jldA 4 \x \ d_^Jl ^ s _^d 

L^-oL-WV 1 dA I^AA ^J1 a cJaLAjJI JjiJAA IajaIJ I d-^Ldu ddj 

JJA. dJJ-cij <a!Ij CjIaJaI ^ UdA L^AjI^. J 
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cAxpzy i j 

(J xA A 1 


—g_AA^J 


\ is\ s j l^LUi. .^aJI <jalLJ| 
LlJI jjAGlII 1 ^ C.J) i A 
Ja^JI dl_ !a ^^a Loj I_Vs^ 

6j^JJ . ^ AnjiViall 

IjJljJu I J_A (j£j!_cull) j*AA 


^aII ^Llo^JI Jc-IalII ^a 

IjAlJI ^A ^LuuUI dll Leal 1 

diiLtAA ^Jl t Ia-a 

(Ja^JJ J_IjJ < \ \ a^>C 

.jJlLJI £^LgA ^A aLlUlII 

I ~ 

Cu^l J—is <jjj J> <—jJl (j-o Jj-Ji 


jl 03^*1 
A <Ll^JI LiMAJI 
jJbl jis 

jVI ^ .3ad^aS 
(jSLaj <Q1 

4_t jJu bllALI 
jA I^1 *aA 


6> £—°d 


oLuJ^vJ ^<JL2»JI dll LitJ 1^.11 <L_uljJ 4 , A \ <i\j <_>J A^ <_euljj 

<1 JaLo .K>j <jj^-J(J J Ch> I_$_> ^.Ia <JpAj> <^_u_2u 

6 A-A jiioLiJ ^U.jl L^J^LL ^j-O Lull [jjijAea^l ‘dS-oLza- (j-a] 
^Aj(j . VI dLLUJI ^ a a daUll ^jAzaJLi oLuij-^Jt 

4jloJ)II JoC-IaII ^jJa ^l^Loj £a l^_i dlxxA ^2-11 dliLil_ ea^JI 

^A <_LjLa 6 ^>jA ^_Aj — klilaJ j*\ \ ^ 100 ^jlUJI (jr\£. ^A j_aIL_aI 
<Jj-<X*_o — (y\\ x, t i ^LLkll ^eaLUl -AjJU . Wall I A-A 

oAl)^ (jVI Li. (^jA3 VJ .5jljIji Jj*\ V^ 50 ^-Zad J_A L^LlLuasI 
S^lkll &A$J <JLOJ)r>*N11 (J_ jlcIaJJ -UlAs. ^JUlJlLs ^ILlJ ^ \Wi 


jAl v i tlA^j3 AA Jjl_ealll I A-A 4-lL^.VI _LjiaJI 

I^ljlll cU ^Lilo j-a5vll u xxjjI< aLca^. jl^A*^l 

.^L_ujVI 2^ 2lS ) 

1 dJ-» 1 un \ 1 ^J\ a \ I < \ j) \ ^ _ uj dJ LjlA^ 

-Al ^j < 0) (^>AJI i_e£jjJI l^AS 

^j) A A Ua . <-AJ 1 \ ^ \ < s <aLU ^1 a Vi 11 1 ^ (Jj) \ ^IlJI 

6J-A ^_lcj iC-iL ljJI Li!iL^. ^A dlJI_e_AJAa ^J1 

^A £_o^Jl1I ^_ \\_ 1-A J^Aj dlil^)l_ ljlla Jlt^. I CjI_jji^j^JVI 

\Tj alei.^w ^J> 1 A-qj^J 1 J_cIajlII y±>jy ^_A Az^.1^ £■ _ 

Li*^Lk. ^jJlj ^1 <_aj Leoa^JI Cj^LcIajJ) _ LljI L^JaLU 

<jJL*aJI 6J-A ^Jf£~ <_»Jjl1aL1I ^ Ij^jlaII . Cj LljJI 

. (J LoSLl I <ju^a! 1 

j mil ^jA j) a\ 11 dJjLjK \ll ^jl i J_lAC ajjl CcvJ I J k! 

aJjUjJI 6J^J dli_ oIa JAj JSjjja_eaJI 6J^J bj \ f \II 3jJL*aJI 

dJ-JL -ilI a .^jljiJij^jj LujjjAjJI^ ^jlAcL^. ^A iJ_ iAC CiLcj-o^-a 


SCHRODINGER’S BIRDS (*) 
photosynthesis p) 


I .\5LAj ^5-ZbJl dJj^JL* _C J \3t ill 

^_1a diljj ^-o niu <JL^. L)|^ 

. <Ula 11 <JU 2*-° (J^L^-O-aiVI dLl_uU 

cLLlaII <]L t*-0 _eajJI^ J-1 ajj 

(_ji 

<<Ju_uLea^l 6 jIaJI 6J-A ^jA | *_i^L^Jj AA-lUml JAj 

dliVL^. ^A dlil^)jJI k>° J^La JJA dLl_i-xiHi (A.ul-v-1 

" ^ * * 

^jl^oL xIaLII ^IjjjlaII ^A _<_<jui Ajlj 

6^JLJ^ dlul^ ^9_ \j ^-JLTw dLl_t-aliH ^jl <(_iLa^JI _aa_i J i 

(Jj LeajLl I \\\ a ^.i \ * ±s*i JLek. 6jAA <6 jL^J 

6^) ^ \*\ 11 ^jA I J_^. dilj dlij J-2e <_ 

. 6 La-zJI 


_>9-dj -oksj . 


^ ^ _jjjjl jA Robins e- 


■ ui 

LajjaI _eu ^Jl LaIjJj^ _<-ul ^jA ^.t-A JiS jj ll^>ll 6 j_A 

^* 1 Lo ^c_Ju-OlJ 1 _aJaA j_UjJI ^A Jj_ 3 LJJ SjL^JI _eu^l 

ajLiVlj ajl-AjJI ^A _<-aJ ^JsAJij . V^JlAo (JLa-eaJI 

13 000 kiLmjuo <&d_A 

Lc <li-«£ 2 >^J dll_I j| LaC _ ojlLi _lit ^ 

dll 1 \ \ 3 L _1 _eaJI ^A . dll Lit j)\^ll ^jA t_A jJlAJ jjJJlLsJ) 6 J-A ^A 

^j-c] <JL^jjj(j <e^jl 5 Lkl^A .W> -La_ALII t^malLlt ^^a 11 

^_ 2 bll 6 ^^.l^_ci tj(J_ JlU [LiUl ^_£ dlijj-kkit^)A <_S_cL^. 

. <LiAllLaamiI <J_t a \K\a ^ J^A-%. ^A LaI_iAjjA^ 

jn 5 a ^ V jj) vK 11 6 J_A ^jl Iaz^j Lcl^j 1 *_s_ ^ 

^_ 1 a L^ji^JA ^.AA J> \ i.V> i Lo>o ( yLU jzilidl Ja-JI n L-nJI t 

Ja^JI JjlA_> L^- 1 <U J 5 ( sJ)\^s. It 6 -° JLc-All) A^A^e 3 

-La^La_za- 1 ^ \ a x~\ ^ _ill <L* jtj^JLi — c^-iVI o ■■ ■foaH 

<jJI ^Ijl^I Lo ^-A I AAj •J ^ 21 ‘-‘J! Ja^JI t AA 

L^_i) ^-11 t \ A 6 ^jt—du^ft ^Az^j^ .<La.^UI ^A ^j) \L-> 11 6 d-A 

>2 

^-Lxatl LoAIa ^ _ui xLaH-L 1 JacJLi ^jjh <. i t ^.33 V 

^-Li ^ 1 J^-ALl i Ja^JLi ^JI_Ljlj I 4 II ^_^- 1 a (Jaj Lo-Ci < I 4 I^JlA 


<AcL^. ^j_o ^iLjjA j] < y^J -Th> A^. J 2000 ^.t_A ^Aj 

^A <j^Loj £_o jjoLJI ^^-4 <dJl Ail I A-^jjJl ^jjaL-u 

^ Ijlal (J^Alj .dill_ dill I jJb J^-*_L! I ^“llAc ^jl <l»_cLiJI 6 AA 

^ ul : [(5>^i i*- 0 ^ L>°] <lAI j-di .K>J O-^J l5 -1a ^^liil 

L^.jj t-^-^ ■*■^1 4 (j-oLl J-^t-L dill A dlilkij^. ^jILJI 

^Ja <J <JLJu_a V J J-AJ jiJLa dAj < - u ^ l^»l_duLc 

g-j) lAll ^sjLoj LcAaAj .iiAilSllI ^LijjaJI ^A J^^LLaVI 
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ls—H u-° f—LiJI 

Ulq*T_uuM ^JoLalllj ^OJ) a\ 11 3-1 (J-^aLa -UA. 

Cjlj(JjJi_coll jlLstS 3_iJ jlIajJI 3 ^_ 

9 

InAJI Ija jl_LsVI Ija ^\ <LS*i\ UV\1j .4_ ilqj)11 

.3~^ ^jjlIaa jaJLc ^uis-1 <£-£1^.11 l 5^ •J-tusLLlI 

3° — La J-A* — 3^-^^ 3 ^_4j"^J 3_ L - aL ^ Lulc. 

.^Laj Vj ^L» ^L>3-^ 

3-^ 3 ^ 3 ^ L5_^ ^*^3_ cuj 3 ' 4ajijJI 3-^-1 3^Hi 

. f. lajAll j uAl 1 3 ^. V I 3 ^ijJ I I *3 a 3 ^j *' jlc j ^ 11 I i 3 jl 3-1 I 

<J13jl1I S^js A_<-olI ^IlJI <3 j Ii .. x im V 4uL*JI 4aa_uajJI 4 j^laJ 

3 - 4 iabdl 4 jju_ojJI j .spacetime ^ISLajJI icudiA <JVjj 
30 ^ I Li^Ual JlA Vj La Leu 4_ajJLa LcLaAjI (JlLau ^Llou^I 3 1 

*laja3l 3 a J _oulua ^sijLsLJ ^_2 4\ \« a 4i4-'3 ^jlAa 3^ 

<lS3£jj> .s> Jliol 3° 3 l9 jl 3^3 jlS \3 .4u-aj>a \ 11 

4ajikj £^3 31 4ju _call) 4 j^L=u 31 [3 Ja^xal^ 4 jluLx 3°] 

' 3 ^Jl 9 3 ^° ^ *a J _:xja V 3j14j ( Ifl 1 ^ a Juu 1 ^ xa 3 . I 

-LuI^lJI 3-^- Sj^jO-au j\C 4u_aJ-a^ CjIALooj 3 ° J)\ A S J 

J-laS) 

3U3I 3 ! ^.LoIIaVIu (Sj^ 1 *LuLAa| 31 uaj 

Ju3lUooJI 3 c. 4_ajuuLa <> La-4 j) 1 -4 1 \1 a \ Lou ) L^al 4a 6 ^j 3 jq-juuaJ 

<JLajJI)) £ 3^-2 3^.3 3ujfvll ^j)s 11 

3 -JulII ^1 \4j-cJl^ ^‘■3-^ «*LL^JlA nil 

3^ 1^3[j ( 3 -^Ltl 3 j—^ <c 4jj^' 3 a> 

4u luLuj I SL^UUUj 3 h° 3L3JI \ ^ ^ 3 !^ cJJj^ ^_a^l 


. I ^ I r> ^jJlC 3U11I ((^U_a^U)) Jj)^ ^k. ^JjlL<_u tu 

.^_oj_o5Lll ^^L-llII 3UiU 33 ^ V 

< 13 a 3^»J < ^juj)^ a <>j 3^ m iaVi^I 3l9^ 4_jlo_a-4ju La 3| 

^_S 3 VJLL 3 AII 3 ^ L^« a A<jJu^aj jJU-a ^_aj-a^ ^4J-a£- 

■ , <1 ^r_Vl^ 3L3jVI 3 -° 3 ->l j3u <JL^ 


THE MEANING OF IT ALL (*) 

cacJ> :o^j (') 
the quantum fuzziness (r) 


Entangled Quantum State of Magnetic Dipoles. S. Ghosh et al. in Nature, Vol. 425, pages 
48-51; September 4,2003. Preprint available at arxiv.org/abs/cond-mat/0402456 
Entanglement in Many-Body Systems. Luigi Amico, Rosario Fazio, Andreas Osterloh and 
Vlatko Vedral in Reviews of Modem Physics, Vol. 80, No. 2, pages 517-576; May 6,2008. 
arxiv.org/abs/quant-ph/0703044 

Decoding Reality; The Universe as Quantum Information. Vlatko Vedral. Oxford Univer¬ 
sity Press, 2010. 


Scientific American, June 2011 


Jj 4jUL*_a <i4-J jluxa J^4.1u ^ 

\ 31 31 ^j-2 CJ 1 j L-ajlII 6 JJ& J^4.| 3 a 4 V\q \ 

JaI 3 *-Sj j^-VI _L^. 1 jJ 1 j^JJU CjIjI _call 6 Jj& 

Cj Ij Leal I (J<4a t ^jI3ju 3^ ^_2 aCjLJI Iu^LL J^Ll J 

J-^3J ‘ -C-^a J \C- La_s^L 3 j 3^J^ I jA. I 3-° Jii, La I JJfcj 

j^jr^ s _ 9 ~^ 6 ^-auLca 4 ^ 3 a 

V CjLuj^ J-°_ciuj 4 juLjl!I 3_a Lj^" _ ajjlLII ^j 

^j-a 4-ljLa I j— 2 * 3 * J^_a .L_aJl <111 l^ul j j jj— c 331 — 

L5^ 3 1 ‘L£J^ ^ ^4-al Jj (_ul <^Ll 3ill 4 X\ All 

(J^LoAA.1 A _loj| 3^ La <Jlj_cal I 

. quantum biology 3 -xa j-a 5 JI Ll^jJ 


I^J^jlU 

Lx_a <juca^ 4_11 ■ 3 7"J) 4_u l£La I ^3 ^ ^_sJ 

l \ \ \T 3-° Laj 3<\ \ Jjj^-au ^ylsu 3^* > ^" ' sl-La 

3^3 4 Mo lA 4_>^lou 33^43 3^5_3JI I J-& 3_a OJ_o>u 

I JL^u 3^-M>^- j 3 Jl ^^ 3^ (J ^ 11 ^ ^ O^JLjuli . JlMsG 
jlIc ^ aL.a j\ \ ^-aj) 11 til uK M l 3 31 ci 3^)^5 _Aj 

[jjj )^ . .<; i (j-o] r> 

3-AI 4a J M^TII ^ 33 ^-Lll <JUlJI q ^ 33^ 3 s 4a I 

20 l ^ \\ \\ 3 jL^aa ^la_<Jj| ^^aj) 11 cJaalAall Jc^-a 

T> Ca 4 L=j| 4_J;!jL; c5^jsj 

t>° >=^b <^s -^^Jl>lS!_> 41 >J [L-(j-a] 

< 3 J) 1 a j i 11 (^J) ac J<; a7< \ (ill a xt \ o Laa-A-AJL^J I 31 LA 3 4jt_aL^» 

*_^UAJI 3UJ . bj) _\ \\ jl J,cLa 3jAi 1 q j\c _iAaJI 

. Cj I Jj_>a <-ajJ I 3 h° 3 ^-^ I I V Lo^a 33^ LJ JJia 

^ J \ lV\ 1 3 11 3_1L*_1I 3^J (J a^Oi a ll 3 ^ 

3 U w) ; *21 ^jxioJ 4 u'jxi 6^1 ^ q 3l_(aj_a 4a I . Iu.au Lou I hiJtu 

jjjia_au Ao \ 1 aT II p 33 -AJI 31 3 ^- 333 -AJI 3 -° 

J1 aT C*21 31 .^jju —oalAll CiialA la I ^-il^l ^3 s Laj J 

3 ^ 3-°-^- I 4j3aa La 1_a^a * ~ v 1 ^ La I JI 4a I Ja 1_uaJ I 

La Jj*ul 3 jAJI 3 I laJ 3^-1_au I 3 U ( 4acaj) a*\ 11 ^1 u3AJI 

.3^1 ( 3 ^- Lol-o Ju3I 3 c. 3j^f 

3 x 0 ^. 3 -^ 3 -^J) 11 3_uK vll 3 3aa 3 ^lj 3^ ^ 

3 !^ .4ajl43l ^lj_au I 3 a£. I 4^uxl^a 3 - 1 ^- la^jtuu jaj _uLa_ll 

I 4 J iojLa *)l JjLAual^a Jjuau l^u| J[>3I 3 ^ ^Maa_ua 

(Joj_ au 3 - 1 ^ ^jA_tu3l ^xuuLLtl _a 

1 q ^ A 1 <4o_ouLou^fl 4aJ JaTll jULAlAll 3 ° LoA (Jllil 

-Lu^a 34 -S • 4aJjl 3 -A ol^al-calllj . 3 -^Jq*N 11 tilaalAail ^3 
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"W osjs t>i uSii 

jZaJ/ 4 iSla i <L)^jJIS jj^j-l! CjLtjj^jJil £ tjj! J^./ 

. <£j </A i^ j ‘/in//^*_o JjlC dUjj SjLxJ! ^j-lC ^lc 4.a iS^ 


j / ^ 1 to / <*! iQ * * * / > // d 1 *n. > 


6 J^° ‘ 


-^4 9^ A> 


((.4j^J 4jlC LojuaJ CjljLfa)) dl^llal 

4_i^lo 2 f 3 f| CjIjL_^_LL j_IajJI I j_A ^_l^dnj 

^J_2_> ^_iJI 6 j_Loll J_Lc^lllll Cjl j CjIj-aJLJ _cull 

^_s LaI j. ^i Ifii/di i _^u_ (S“-L _ <-uL±±jLl±JI 

Jju dlljj < Jllil IJ_fl <JL^.l A^ill 4 jl 3 I 3^3j^ I 6 j(j_c<aJI 

J i^sj • (Y) petri dish 3 j_3j Jjaio 6 JjaLV i 

****** t 0 * 

jjc (jUj <ol^JLOJULJi_cu 8 f-^cu 6 ^-oJtJ_cull 6 j_A ^IslS 

3 ^_cu JJ£. 3 -° 6 j-o <jloj 4->j iT\ i L^La. £ja IfJ-S Lc 

'^j>3 _<-^JI ^LijijJI LUill J_JLojj 

< vortices «CjLal jjJI» l^jlc. Lj/^dl 6 J-& 3 c 4<o~^ 

dljldlc 3^j-o LJ-CU j-oaJuij J—dill* ^j 

3* ui^i ^,A^c**ilj 4 jlLcoJ I j)Jm * < 1 11 Lj \ 11 

^3 jl J 3 «^-oljJ» (JS L»^-^JI >■ 3 l£.1aA 4 £_aJ . jlLd^fl 

U-alk (TjUJI (^-11 dJ^^-Uj ^ — — 1 1 

l^-JL\J j <c_ 2 l£.L cAllLi _&j V I j-O-C I_i^Lk 3* ^L)j 

Ju-^l^iJI (_ 5 -^ _llflLadLi ^ 3 ^ £ 3 $! O_L 5 ^ J_ 

. 6 j r>»*j a nil ^C.LojLa .^1 

CjUjISJI^ ol 1 < * 1 1,1 6 J-^ £-JlLaLcuJ < L>J-cu l_^_LoJLJlJ)) 

< _lif!I j* _tUcuj 3 I organisms (j Xt<c \II 4_Lilli 

3 ^ 1 ^ j-o Lc^au I_c 3^1 >*ill-> ^f< Lfi 4 Lul^JsI 

< lf_c^3-*--^ ^3"!! 0*^1^_dill ^ lc- JaAJij <CjI _oj_L*_a 

^.lc ((( 4jccu UJI Cil \ \ dl I ^ ^** djl jl^ J_duuj 

I J_j| 3 ^_ LjU ^ ^ :J>idl ^Lco^Ldj .L^-3> J[fS J-a. 

■ . <1 \\ A11 Jjua-j 3 ^^^ 

THE SMARTEST BACTERIA ON EARTH (*) 
The bugs’ social IQ score (^) 
(jjj^diJI) .ju4.ll «u^JI L^ldJI ^jlj^s <_Lcuil ^.j4*i< 11 < 3^* (^) 


^3 >LijAi]l jlj U,\] .E> ^.1 n~' Jil J 31 *)/ 

yill Lj^l genomes O^^ 

4jI .If iLcc^dc_CU <_culjj_i LlA d \ LoljI^ <CJUUJL^d LfcujJj 

■& 3^ <4jla.Ij 3 xlS)) • 1>4>^ jJlaLlu-oj LjjdUl 3jli» 
(( <4jul£. CjIajI^ Lfil JAixj (5 j^.I 4jua.Ij 3° Idu^Jj < LjjlI^jJL 

<cjj^Lf _ 3 > o —^—al .<cjj^Lf _ 3 > Jb— 3 ^^ —Lc- 

BMC 41-^c.o 3° 2010/12 jj _xJI ^_s dcvi j_cud 3° 

^-o-culij <4jjjJI Lj \"\\s ^l^l d^.1 IfAS IjJLf-cu Genomics 
<LLdu£l ^Ul j Paenibacillus vortex jxlLu Llu Lu 

(_^3_ < - <jlo 4 3 LQ d> <oldjL»_cudJI > ^_s <cjj_^La~3 > 

djdjj^ilL <djl_Lo eJJjj pl^jJI 3° 

31 cull I pl^jJI I JJh difJLJ 3° ^3^ ^ 11' 3jdll 3^“d 

^allJI ^.j)*n^.ll 4 jjLLo 3^ 

dllj)*Ui<ll JiLl LfSjJld jXJ i ^ 1*11 ^ yf\ \ 33 502 jlJU-N.I 4l 
4 jl1c jIU \ 3 <_ 1 lua jXJ 4 jjIHI 6J-A ^lc LcujlcuGj <4jlcA11I 
Ca^ . 0) ojj5LudJ ^x.La.1^1 pISjJI <cjj^lf."3> 

4U3jll genes (oldjjjll) olli^JI jj£. jj^Gjlj3jjl^LJI ^li 

LfliluU £t_o_cud 3^^ olliaJI (Jl^ 4 id a^-vVI (3_lUajJI-i 

Ifla b 1 1 La £-0 IfJ 4 Uul- 31 4luJI £_o 

p- llu (3-^ J-^^G 3 JI cj! _ liaJI ellj^j 3° 

. olfjj^jll 4j_ullli jlc ujjj^jLal! 6 JjlLo 4ajLlou^ 

3° 3 h>^' 3-iW —<ujj (j*J. — ujLluLu 31 Isj 

^3' Cilii^JI 6 jjb 3° ^ lc ^3^G _ ujLluLl. 

~Oi> ^ 3^' 499 -^ c> jG^I 33 

30 4j-^J-OA d22^ _CU 1 ^ *\r> A^"> 3-4 J < 1-3 _ <UJJ^U. 

Jju 13 aj < Escherichia coli HufJj&J! *USJ 


Scientific American, June 2011 
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2012 /j^ 


f^\ 


aoi >ji 

JijLlII <-ljjJI Jjjj ‘yly*- y&lj udj J <Cul£ 

. lZj /.I7c/^*/3 jiLojj dJ .llloj ^/A> Lg ajj- lzJ 


?/jU <CjJ£ 2011/2 

jlJUj— cul c-U—cJI \jujIjj* 


^ 6^ J-* 

. ^ x,\a \ J^.1 dlllA <OSj-ll dUj 

J-^.1 ^JslLcuj ^J <Q \3M-<_u I CiJlSJ 

<<AiiVi o-sjJI .^dL*ju_uI <jul1j 

Jj3j <L_kjU2>J 4_ills dlLiifc 

2x3—^J-^ ( jr f ^ —J IjjL^ 
L iy ^ ^ > li-A J^j • IjJ-S UL9^Jf 

ls—* 6 1 

yA L 5 —^' Cxfl— lajqSI OJ£-j 


15 VIj .jlSVI 


•lt^ ^ J 


Lj jC dLiA (jl£ Jj$ : (SA) 

j*2 Jl sJJA^/ULi 
?Lj SJ£,L-ll 4 y! 

jijli <-qj5L^J1 2)1 cj j^.j Sk\ * ^ 

• ^JLO£.Jj Cul^J <^)Jl^ I IjLoI 

(5> u^b 




^JslSlII ^vha a L> J_3LJ_<_ul JAS . el! j 4^2 UlJ 

k-3^k*1 A yA 4j3^ A<lll 0-A-£^^-3LJ jA I 4_J^jVI 

4jlLl3 31 _(_U \ '\ A^ Vl \ ifj . 6 j__aLi!| 

1 200JI 4_lSjj <c_Sl^jl 1I I 3_& ^j_a 4 jj31 

^jjLkll yA 0-3J_(_u ^JlII Lk-^yO 4_3 lUl£ 

u-° o—<-uJ <2>±>^ <^b 

.LpM ji 4cjLJI 4julsJI ^-UaII 

<- jj^lj Sjjlll CjJjj : (SA) 


GUARDIAN OF THE PHAROAHS (*) 
Egyptology (\) 


<cuJjj jl> J> jl 

dZ£j) 1 a n 1 qL>1^J^> 1 

J-X aVi \X1I ^ILoj <<J>j A^ll 1 jlj'iL] ^JL-J1 

^.LolJ ^jLo^fL jljjJI 

. I 6j_o 6j \ i*S jIj_cLj J_pJI J_^_j 

ol 3 \ ' (S^ ^ i<o j3jL j> 

J4—^ Jit—^ j a ^ > ^ y — a 

^jjjI £_c I j_6 j_^3 <2011/2 

<((^) f/CjyA ! d- LOU iL _ UJ)) ^ _CuLi Ll3j1_A 

^jJI ^)l2h° CjI 3-U^3^ LojlSj 

; Lh^ 

jJU : (SA) j^1 d^iujjlcu 
YcjSJj sJjLuJ/ fUdL// J/J 
.djSjJ'J!d-4 J.LVZJI dlld J/jJ 
<>LzJl(J^l JJ^2L4 djJ±JJ Jjto 
5^^/^ <j 5du j 
Joj -Jj^^ J^3ci 

^IVnl Jj—<-^jJJ IjJ^ ^ a-Ol2 

U^JJ ^ 

^Lbljj L pjJ! CjljjhUI ( jj& Lj : (SA) 

^1 jj—3 lj lj—I jI j— ll: 

(yA (jijiaSU ^UlJ .^jVI 

JlTlC I ifj . <_IJ <1_ JlLI^LojjJI J_2^.1 

yA -ill I J - frJ lj- SUlAJ -Jj A^>ll ^j| 

6ji.l L^jI .<Jl_ UJ 5000 jIa <1_dal^yLcjjJI 

jJ^jlL-oj if I J-Jj • itjLS 4 j_ujLoj ^jLII 

J*\ A Vi 1 <2u_ujLai Llij 

d u^l Li /yj Ctliux// jJU : (SA) 


^1 ^uL^VI JU (5^1 ^ 

^jikil ^JXI_IJjJL <_C^lLiifl C\AJI_ 

a^HI J_Jj 




<->J A^il I y\ _jVI 




LiL^i a _ Ac. \ _II) 6j_&L£_1L 

j_^l^ 31 j_ij < (i£j I 

eUjj jsvi (jic. ^-io 

yC. dliL<_u| <la_A_ul^J JjJpJL 
UJ^° OJJ^' 

j\ Ic -LaI_ tjjy I £jyAJL& . byyQ _ Alla 4_s^3 1 

.^£.jJI yA 5JL^. OLjjU^2)XI 

L-X^jJI ^.-1 iL-^lLa-U 4 jL$ 2 ^—3j 

0-^3j <^2a_ sljJI ^_aTi^w I_oS I j_oj-o 

J-OJ i jJjJI J|J_Jk^ yA J A \\11 6jLxJ_«_ul 

^1 iojUJI ^ -lJa j-sJI O-U_ LjUA dJj 

dLj^Jij oljl_Ojifl JOa-3 ^_3 o_2jL^>- 

^ j£-\ — AA\ 

.^Hifl <A jjJI 

U* j^l f—Itt 

6jJlLII <3 \ lS\\ _lIu <_UjJlII JjJ II 

3 ll 11 ^_cl^jJlj <_ l^jIjijJI ^iLa^fl 

Chasing £j!jL-ljj^ SjjLJaj J.lo 

ol_ojl*-a I_jL_^l ^ _Ulslj i Mummies 

2)1^ La JJ^- Jwi_ d\ SjJlLoj 4aA^LlLc 

-lij .4lL>lcJ 02a>3 ^LojJaII jl3^L! 6iaj 

2)-a L j-2i- 4 jj 5LI 2>>-^3\ll y^A _ XJ 4a2^.La 

4-a^sj^ <LaJ) A^^. IjJ _sJI j2kl lajJI 

yA yu IJUju-uI Sk ]j .4 jlo I11 

^3 <2011/3 yQ _ajjJI Jj>) jl ^_2 <1_\ A^\^ 

OjLil j .^-2Ljl_ a_uI 6j£. J-S-J 6L^-3 jLc 
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l_Al2UlII IjJJU I_ul JaI * ^ j ^ 

Jc*.I £_o CiAAil ^Ll J_jloj .<jla_A| 

£"^'' "' ^ ls - 

<Ajj_LJJLO 4_»jj| 4 jlLa £ j £. CjI _QjjjL^ 

jaLc 1 Lax Lilj .^JLjlII *Lx£I j._la^. ^a 

£_LaJI IjA jjuLi ^j-»jJI 

‘j^-z^yyjz |j_ ujljJ (Jj^i\ c_A_ :xjl!I 

J-IsaJI (jl jV\CI ^^juIa <dJjJj . <j£J*j£riu& 
^ i ^ a jjliu (j^9 ‘ 43*-* *— 



d*h£ 31 Jl CxlS jH : (SA) 

lAaM l Sjj&Lj J/Jjy 

?L0-aAI Lj .jyi ^/La. (jjuM! 

^jJJ |j <Lo^_ll £ JjLTXJ-ll <JlLaJI I 

<aU£j) £._L_> ^LljjAj <_^1*41 jJLJU-^ 

. Cj I^LajlLLcu <JU»*£lJ 


jJlC jA-^. oLlLxJU ^UJI ^jxillll ^-JlLIxaJJ 

^Jjllo oUL ^ 

^ til’ll u> 4 Aj . jIjVI £jL. ill 

oljlkllj jyljil ^ ^ jIjVI 

<(jA_oJjLJLA I_ i_olCM \C-J 

.^jJj^JlII 1^3 47 ^Llju CxaAj 


ZjjSji CxIujjJ /jjL^j : (SA) 
SjLcy IMj Sj£ ^ jujIa^ 
jt £lxA3/j <£jI£jjxM! 
jl J£jj Jj& .3AjJj CxjIS£- hJLH 
?dJj ^ 

i{j\ _Hjlgj IjJ _a.j J_aJ : 

1 k ml Lcl^j I Q 3 xti \\ Ia . ^ v J LoAjjj I j 

jX^-J^Ajj jX^-J J\ xViJ . l A^jClA ijf\,\ 1 xs~j I 

•^Aj (S^ LT^i 


JjjLlL! JUljj jLc Ja : (SA) 

(J^jIjuLI (Jl_JUU IjjJU_Uj| JaI 

C\ LAjI ljJJUu_ul J <4_L_uLa cl i t\ A \ 


LS Jc jjSJ £LLl£ (j^u (jdJ! U : (SA) 
£h£JI j/j jlcuy tfJjdJ! (JjlujX! 
2011/1 i it II Jl lj £x£jjuj ^jJ) 


- jLuao^L - 

:j-A 

C5^0 

Cj Lo LcCaV 1 / cLAjJqjJ I 

jl^YI 

:CuxjJ1 Cxjj 

c-uALLLI SjjLi 4 w^^mi jm \ 

j I jliLi jj-^> ILCxj 
4_1 jju i2l0 

^jX. M < 0*3 (jAj^’u ^cuLluj lj ji&Lo ^JJ-LLO 
4 jdulJA jlCJ <jIj 1 jxJLt 4_i 

.dj^jJI Ja^JJ Sj±ia 


IjIjSj UJ Uuj (jAjlJI 

fjj ji - j ijxJi u 

.Uj+JjJJ LfiljJJ JUZLJ jjjS 
_AjxjLU _OJX !j_laj| : C* ^ 


^j^jJbllVUl -A -t-oJsl 

15 000 jj^I^jlII ^a cjAj-<-u jaI .c-jLu-VjJ 1 

*^>11 Lo i .l_a^jLL1 i <jlUa 




. \CQ 


.jLlIaVI ^A 6 jixG ^jl 1 \ \lc 


Jjl£ ZaL iS Jx : (SA) 

jjj& /j~J .J Lj%I elj^LuJI Jp^LuJI 

<& Ujluj^J! jjj£ t H 

■u j^^ 1 f 3 ^ u**J 

(jl JAjlC 1 V I—j| <£jjjL1I Jju : 

<£j(^jJl 1%- UJ clllA 

<jjj! j_LiA Ij_o1a (j-alii_ulij cIIjlA 

^j-^ljaJI LjuaJI Jj2j (JJ^LC Ij 


5000 Cj JJU jujj 1 JJj .jX^-olaJLA 

(J^Lk ^JLjlII A _^ul ^_JLA^. _a 4 jlLa 


. 4 \a^>LU ^-jljjuJI CjI J)\xnll 


ojJb / julj 4 4i ^ ( jSJj : (SA) 
jjJcjjL^y/J a M \UxU 
?&Lj/^y/ CjULuSlXJ!£J J j ljju 

jjusjz xiaJt-o ^j| djjj ^jl cKlc : ^. 

. 4_o_>Ja1I j_uaq ^jA £jj_ ujla 4_jlj JcJI 
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fJZij JoJj : (SA) 
Cxa5 Jj& (2011/5 jQjJilI 
diuLxJ/ ^jyi sjjjuJu jLuzui 
Mia L a H Jx Jj l j-LLj Ha 

^jls j 12 I < dl_I dd-3 Lo^ : sJ ^S ^ 

6JJU-aJLi ^jLsMcJ . Li_ luLllu Cj _calJ 

^_Llc ^,1c Cij-t-ojLal <jL>I_ojJI 
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4-a^iia duu J l^dta.\ Jo jl c-ujiUI 
aLSLxtl Cx^jaoI d^ .J^l£ Jddu 
S IjI du^AuLiJI 
j-a jjau dl j-dj 

dLLAaSl (Jlltl Jajal) .4ijJI 

^LiLdliSI (jjd^Ldl 

jQfcjAAAa jdjS jU <<L»j^dJL 

buckyball Jc^JI dk j^ 
dljjs U ^1 jl 

isuljj JaSIauj SjjU 
idildjjASJ^I ^ JjLauIII JMk jA 
. Li j j JaAa Lad LaLau 


dujjiSJI dl i n 
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j 4 v'aC ^LcoJ^I ^ A ij 

(o Laj^-u-; ) uLojunJ ^jLlgjS 

jjkj i^daJI I_ j^UJI chromosomes 

CjI\ V^>. 11 0) Ql 4l4<rf^ j 1 V3LJ ^_11 (_^Jp 

. cdllLi^flj JjJuJulJI I 

3_»J(JJlII dLal_thl^VI dvI Jjlojljj 

cloning ^LxLlL-uVI oU^I JL^q ^ 
jj^aJJI I j_& 3_ic._dJI Ij^LlJIj 

1 ^ \ ^ \ \1 il l ^ ^ ^ /■< ! « n f < 1 \ I /\^ 

Vj -OJL^JI dl^JuL Jil-d 

,J£-<_Li_» L^jljj^ olh^II jLLaLi Ij^LkJI 
1 ^ \\ 1 j <j_iLcdJI dl AaC. J^l_2*. jXjlj 

£“LLaJi _ill dl j Jl 4JL> ia_]La ia_fllnJi 

a.(J ^x 11 Sj—&La> <JU» ^_a 

i_2l3j I ^lll CjLjul^JI ia_alLaJi A ^ iTill 

£ " 

J>a*_ll 4 jlgI^ 6jL^J aLJoJ 

St £ x st 

<encode Lj&j^Sd ^ ill dI ipjjJI 

6J-& la. * Jail jLjlj JI Luaj 1 Lo^ 

^JLJlII _ 2*. ^ Jua CjI Ijl^JI 

1 ^ \ A <jd^ ^-iJI <2LiIv-Cl^ll jl^il jA>, \1 

. < i m 11 ^j-c 

(j^aLk (J*\ A Vi \ IjJlLo u 1 6^ ^ * Loj 

ja^ajJI <^/jljLloj^JI ^jx>l aaJ 

IjI J-a> 1 ^jjxjuAIi <ll^j^J_u d LuuaJl JaLJai 
I 1 ^_jL»_oLLo ddali <_uLloj^ 

La <dl_lij^aJlj dljjil ^_a^. 

mesoscale tn mi^HI j^jlltl <lAc. J^lkj 

£_o 64 \ \ tj-a. dlcj^a-a j _jGj Oia 

(3 ^ .* 

.assemblies <Lujj^ CjL-xa^-a 
ia^Lk j-Aj chromatin (r \jOlajjSJI 

6^ Jjj—<-^j l—u— 0 

u.'ufCjj jJ jJ$ toLp-jLA^aJI 
CjLoji_(- 02 a. J[^a- ^jJj-ll ejJjJJI ^_iLj 


CjLIjljjjJlII 

<histones CjL^jj 


idl^la_(_u I 


How Does the Environment Influence Our Genes? (*) 

IjjJI JlLa <j\j r> 1 (_y2>l- cl^.1 ^ya S^JLa : (jA— jLojj^JI (^) 

^jJJ j ohII ( JiLa olluJj -»J t hjJI j 

^j << H ^.1_cu^jl ^ljj| ^JU-uaJI 

L_<_uLla A U sj <L>jU ZjAJUl^ ^.1_a^.1 ^3 hjJI 

. d \ l \ I A "V A. l 

. :£ = arrays (r) 


I J LqlJlC I Cj IjLJj-aJ I I J .J O.OLS l^p 

<_)Jj^fl j)11 dJjL^K d I ^jLla 

Cj 1^I JJ_C 6 1 _■hu 

: La> Jj_ ^ji j . Lu_ <_aaj _lLs 

^Lul ni^ll ^Lu.^1 £._sj 

^-lcl _l[ computational chemistry 

4 j ((. J 11 J <jLaja I I Cj L> jjuuula 

C-J Li I-c 11 I 6^1ajJ I JI d-1 jJ 

oj I I d>_ 0 ^J ^ 5jl»j_ <-u LaJ I 


^jJI (Jj \ a a 111—> { tm ^jJI < \ a ^ I^jlsV I 

I jl 3 ’ J^L^II 1 A I M ( _ 9 ^JL.U 

jl^_i (^dll (J^LajJI 

(ds U>I d). A Cli I—i .a a ) ^ 6 Ji C 

^ J_^jLi | J_ill CiLil_UI\ II 6J-A d)J_ 3 

( I JlVA j . i _u_<_ul^2aj| _i) dl^)J^ 

Jjlajlj da II ^.Lol ^dajJI 

^J\ c\ \ 6Lad. I Cil \ 1 r\C 4_i^ _<_aj 

CiL lLoJlJJ 4jlj^_<_uL^. ^jLoj £_i-Aa_9 ^llLo 

4-ajLVU 1 jl^11 L^_i ^jJI ajsa 11 

jl 6J_Isdl biomolecular 

,<jKII 6JJ)^1I jlJ-ll 


3 


d \ \ \\ \ L ^ ^ 

^ : ^QjLu^ ^ 

^^IxJ 4-cujUI 6J_id I c-x^jli 

< I i A^>^. ^j\ _^d^fl d) I (_£-ll SljLaJI 

aAI^JI ^)-oj . L^J-Ql^j ^iJI CjI _\ iII 

L^jl_<-uii ^dl <Ji_ «_ajlLI ^ji I_dL^. 

_a_ajlI dlli^k II !^\ <JLO_^VLi 

j^-cl J_ jLo <Jjus _cVI liA^ 

^jLloj^ <SljLaJI 

^jl SjjJjJI fjfi JLaJI I i^LaJ a ij 

* t ' * 

C> (£\ 0 3—^ jj—^ 
^jJ| Li^LaJI |j_u <tjfi _JLaJI ^j) aA\ 

3-lca^J) L-jMdJI ^_(_uI l^jlc j_ 

pluripotent stem oL-JlaiJI Sjj * "\l\ 
6Jia^ I jl jjl <j _ui^l ^LollL cells 

jl 0^1 A^iC jl I ( j ( J— ii d)^) 

.progeny 1 (j 1 1 j j ^1 j_Lol (ejL-odl 


CjIjIJ -0 -S iijdl dljlJ—II ^Lcjll 

jji jIoj molecular orbitals 3— 
^LojUI d^j . 6 da.lj 6 jj {j —o ^>J^I 
Ic jA ^jl djl^ I <_>jla\ll 

d—^ jla-^I L_C 100 j aJ> J xx j 

jJ^VI ^ A jd—II 6 jj <-0 

^JL 2 a. j^l^Li V <11 jJJLi J ‘ 1^1_ ajjjljI 

1^11 (^- 1 ^- lAdly^-^JI 1 /.—i ^Lo 2 a.| 6 VI 

jlalil J a.AW 1 <djlaJI ^ _A Loll J 

L^i ^ C^ 1 U-U-LU Jlj .olli^aJI 

^-i-o^a-j <dl__ cijlJI lj_A ^j! 

dLt^aljlal ^UIjlc <^j 2 ^.^fl ^jLolll 

<JLJj 2 ^. dl s \ A^aJJ dUd I 4 II j <<la_dJLJLO 

d)l <j_o^fl <AjlL^ Lcl A _u-i^dj 

<^jdl d >— 0 

<Cj '— u— 0 ^ 

^electrostatic 2 dSL_uj iijb 

6 J-A ^-xoua. ^jl^ < I_*_c I_Lilc I_d^_A-Aa 

^ilall dAaj <1_^j_aJI <Loj|j dl_l^ill 

£" jLojlII JjLaJij .j-oju-u-o _Juj L^jI j 

a J i^ 6 jl_C dllij_aJJ A _JLaJI 

<c j^L-u —lL A jlxoLuJI 6 da^JI 

Sj^jLdl l flit 3 a.^ \ i ia SjLaJi 

•C5^^l dU^J 

jJlS jl <jlc j a\ 11 I £_jJaji cuj V 

( 4 jlj Lloj^J I Ja_il Jjd j_ lajLo c_S _SjJLJ 

L^lj-i _ill dlXfl i J ill ^_o oj_ljjLlLs 

f-ljULi Llo^J CxS ~^O (1x5 d>I A-QJ^JI 

LJLa. j^l^ jL)j . l_Aj_cu^j Ja_ilJjJI 6 J-A 

dldj-aJI 1 3 i a^i jlJ _LJI dd-ll 

^ij .ia_iljj L^-ojaJ dljj Lfi 

^g-cj ^*N 11 ^j»I_loj^JI (Jj__Sj JLaJ,l IJ—£s 

4jL>dii ^UcoLa. dh^] <^jn Xj La .D> 

( dLajLi-Aa^jJI ^ :[Ll 1 LILj 

(jdkl \\ Ij d^fLaJI 6 iiia 

(( • CiVU. 

<jLij-<-AjLaJI Sl^U^oU Cj^ a s j 

iijJI _o <jJlc c La.^jd <_j c 1 1 ^jl 
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1 Ial^A ^ 2 l 1 I olo jlxl\ jAJA if 4 W 

1 ^ < < « A 4 1 ** s 1 4 4 *>. 1 j 

(^jJI (^jll Jj^ Jlj-uj| ^jl JcUJJ 

4 ^ A^llll I_liLkJI 6 jlc| 4 _liLk a s 

L^aI^J £j\ _JLjlsJI JJ_ 3 LA 4 _ 1 _ 2 >.j_a ^_ 1 | 

<aAa!~J 1 <UlCJ_^JI I_iiLk -11 (JaLaa 

1 ^-a 1 J-~VA_cul 4 a _(-ollLl J_A | 

regenerative o—b-ll ^ a 

jaa£ c_sua jaa J 1 ja_u 4 aIa (medicine 

^_ujIjJI l-i U.A &jlcJ 4 aa 1 ^a| 

4 il^l 431 <d)VI l^ j W^)| JSj 
^<>^ 4^1 yifaJI^I J\ 

< 4 alL^JJ 4 _CjI_A \ 1 X"\ 11 ^yQ 

d A 1 4 X A d 4 4 1 \ r\ 4^ d ^ 1 4 1 ^ 4 4 1 4 \ 1 I I 

A-Ix ixJ) ^iSr d_*J ^£. I_ aLaa 

d-xlll 6 J-Aj .genetics (^ 1^1 


.((4jLJLJLiJ 


l3> s 


i d_xJ , 


_I_UJ La 


J-&; 

u* 0^>IiJ.I Jj—Li ,jm> 'a—* i_A? 

''" '“'J" B> jdt. 

:[ f UJI 

u "~' 


oLjUI 


1 fJJ— 1 


t a ilXYi ^A^| (Jl^>An 1 ^-lc 

J< < ~t H^J-bu /J cL*A I 44 




LF" 


r 

LjiLkJl ^jxijLaaj . ^ 4xs~i It 6J-d 

| | JJfe - ua j ^_a I^JlA^ 1-a5L~^»A 

£ 

<■1^ (j\ t>^aa O- -p. 4packing 

u! Ca^Lajj^ ^ Ca— fOj 6^-°J 

.V ^1 1~> aT i i I d-A 

< A^aLk. CjI_o_j jJil L^LkJI dl llLkjj 

*_J-!l^) 3 ij-i^—tiu 6jLcV 

IJjJ CjLoj^j*^) 6j^J ^jL* IaIc 
^^ ruLcjj^JI ^ji jjj^j . L^LkJI ^Loli 

<1_1 ( d 4 4 4 4 ^N. 1 j <_Jl I_iliLkJI S 

1 flUN ^ ( m T* ^ 4fl AJ 1 C < ^ 0 , 4 4^j 4 


4^c 



(2a _IlLojjjSJI (j I jj-u» 


«. L»^LlJ I 






j-c] .B> CjI_ U "N. 11 jiJLc (Jj_ Sjj 

Jja» i[lj_ IKjI ja.l^JLAjJL) <_*_oL^. 

=Laj_ a_ulo d \\ \^>. d-cj- 5 (j^Lkll (^5jJ dx9_^ 

dlJj I_o_i _o^M (2^ _ >JjlU 

Xa jl ^jll 

jjlC. (J-aJLj A \\\s (J_cl jX. ^ 1c. LJlc J-ojLxj 

((.djLJUL^Jl (Jlj- 3 


4 


^UaJI jSLii^iuS 
w soi j^iaJi 

. Li a \*\ cji^-<_<jL^. j^LajJI 

Cj Lj^ II 2A_^ J_a _2Li j 

_tlu neurons (CiL-ijj^jJI) 

<ol_ LTjjaJI <1=1_ojI^j <d_ 

^1 d. \ \ ts\x 11 oil_sLjJI I J_s J-^2i 

j <synapses 3 i I) dhUoU 2 a? 

4 \ \ *.s\9 .11 4 \l-k. II 2A_^ J-^ljlJI JaI_^ 

6^SljJI 4_11 aC (JS_ljIuj •C5^b 

6^jIj 1 ^1_ojJI g-1 ^ a (_)_^1^^ ^ 

How Does the Brain Think and Form Memories? (*) 
genome ^ 4/n^11 olj < culjj (^) 


ljj& (J-a£. (2)'_ 2 <dllj _ II 4_si is*i\ 

^J> 1 \a \*S JjJJLJ jjj 2A_SLaj^^Jl 

. ol^^i_ui 11 j Ls jJl oIjdj^. 2x° J^j 

<WJ11 6j _Jl^JI oljLij-^JI 

L$^ (J^^O Jl9 j 

j I <oi\ 11 ol^ _<-uL 4_>j) lA. 11 dJyLl 

. 1 ^ 1 aC ?\ JLj ^ ^ll l ^ ^ iLa. s <dllj \ 

^-A_<_CLA <\ Aifl^Jl I J_A (JjLA \3 

epigenetic 


^.Vt oU^JI j-xj Looi 

OLoljJjlUI 2jA dX^A^cA 

l5 aJI oIIxaJI ^ 

d 4 1V II dJruu i < <t 

J^SJI I jib JuOJ-JJ 
jjs. oLajIaXI <l5 -ajl^JI 
( LjjJL> disLUj-a oLjluwS 

oL ^i^ 3' 

IajJI L^Ja ^1 .j yuu^ J) 

jxlcujj .oUx.u^>JI 
l5 Jx d-a jL-\iSJI oLalujIjJI 
2/-aJI Oils 131 La jAjOi 
^jii ^ Ijaau i.\r\-S-A 
d_il jl oLxx,.uuaJI 2H ^SLaSUI 
.^u-uIaaJJ ji^iLa 


( 4-Lajl_ 


^)JlC o IacL^J I l £C_ 


DNA L»j 





. XJI ^ln yjj y-o odaj ^Ij 
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dljil Aa_ikl d)_Id 

J-OJll ^_ill 4_i^Lkck^l 4_uLuuUI 

Cd Lo LJ) IS 11^ _IjSjuJJ Cd^LkAA t <1 oS 

O^L-CUjil tJ-O Ujkj -cJlj 




.neurotransmitters 4 -iu^l3 


d .G> ^jL-olC .^1 ^-y.j- 1 j-d 4 JLo 

Up [dPjf i Lp PojP^ u—°] 

cPi c£dSf c^^l dlxil cdl j— kkll £->Lca 
d)l <jSdlllj (^dll J^jkJI f—IkJI 

Jll Sd^ljJI eJl J-aVI ^ d-Ad*JI dll_Jufc 

. 6d-& 6^SI d-1 1 u~^ 1 sc. 


ju^UxJ) JJ£ U 

W( :SjJ-2k^XI 4-ulx4LiSJ| 

Jj Ij^ll 4_OJ>ld 4_Jlkj-0 <j_O Jj'i 

oj dildj t^jljd^JI ^^lll 4-Ajjd-ll 

.ULiJ . Lls-lj Sdjk.tAll 6jl IjJI 


kL 


t* 

edl jdll /£J_ a Ajl xAi J^Lk (J_o {■ La1x.11 

I^Jjki ^jl <Cdl.oxcukl Cdlcj- culo ^_S L_o 

^^Iki (( JaLII <ljli )) 6JJd% J a^LlC 

Cd Lj^IjjlaJ I j Cj L^ljjjJ I ^_o J JC. ^ IC Lfcl^J 

u\-*_cull I j uaIIV I j-<-^ LIjlJ I Leo ^S i 

^^jJI 6d_A (J_SJj .4 X A iklI ^_S 6dj_^.jil 

^ J A < ds 4 ^ ^ o <Cj LJ| 4 \ 11 f ,*»><<< \ I 4 4 o \ *v I I 

dll j ^JlA L LelLcj i ^e. L-ciu VI L^kLcuJ ^JlC 
e-llul 1 ^ V\ I j .4 jlaLjJI ^j-o kw<n <U^> (Jilk 
<jl£.L kciiVI j-c^LxJI 6d_A (jli < 
seaborgium (T) ^j-aS j^mJI Jlo Sd-Ad^JI 
hassium (r pj-ccuLgJI (106 jju^IxW jj&j) 
j-kic u P? ‘( 108 j-ke*JI jAi) 


How Many Elements Exist? (*) 
ja.1 :NMDA J ; "d ;„ ll (\) 


J.&j 

«ljj)) ^j£. Jjj-1-u.U (jxiL-u^fl jl^-^Jl 

.5,1 jIj (< uxk jI ) dLLdll 

—jd^ j*s j— 1^-a.lc. :Seaborgium —i_u (Y) 

1 974 ^.Ic. ■ a.M^l > tU II ^_a V {^yC.Llta < 

<Sg ^ 9 fJtc J—^ 

^JLaJ Loj^^a < it )£I I _X^.> ^j_a_«_uj <106 OJiAOj 

. <L^jj) < 'III .T .G> <_»j^lll v da_dJI 


< ^C. ldLa_<-^i I 1 \ c\ <*S 

Jfl 1984 ^Lk, a d 


: Hassium 


<^kJI , 


fJ^-° 


U (r) 


^ -<_uVI^ <108 Hs oJ)-oj^ <1—dill 

j \<nl j Hassias ^ddjuJI ^oKII u® ^Uia 
( 9 <v.TsI j^lJI < Hessen <dUVI ^cx.1 

^ .J is^\x 11 lj_0 1 ^ \9 


OVU <<ill ^ j-Aj <actin u^_d£l 

LoS ^II <ji _cuLcuVI scaffoldings 

9- 

4jlLJI ^ dd-2cli ^lll 6dl_LI 4_j| 

I O-i 4, \ Lol 9. 11 6 d-A ^jkl^ . l$.K _ U 

*> I. j 1 ^ 


4-JLJ1 \ -O \ < N 11 ,J_oI^jlII c. 

^j-*jf\ '\ 11 <jud^JI Cdlu-iA. 


II <J(JJL^JI 

. Ifl,*iiq*! oi^j-o 

^Ltlll 6j Sid dJijSu jO JLI (jl I_oj 

jaL^Jl ^ _JlJ L^. d_dxilj -Llj_cujJI 

<k_ cul4_Ljk S^IldJ 1 ^ LI_doJ ^_Lc 

U^J-^ LS—Jf*— 


5 


d) I jduuj . 6dd—2^0 Cj l 

(j-a—^ J ^ . AT 


j j- 

5_JlLlsJI 6d_A 


LT* prion a$^jJ 

UdldLkLa K a Vi ^j-vj Jj^Ti ^j| l ^ \\ o i 

d^.1j < Lcl ji Lllko conformation 

Lol ^)l >jdil (jA bLolil ld_A 

<^jLjdll jj lc j ^Vl JiLolil 

d i> L^UJI Jjd (jjj—ij 

<c jLjdJI j0.d£. <Jk 4-^—Juu (5u^l 

.^dSlJI ^Jl olkjjkl 6d_A Leo 

6j-o CdLj-ijuJI cul_ LlaSI ddj 

JM-^dVI CdVk IdsJjd cUjJLj ^kjJ 

^LoS meurodegenerative ^ u^ill 

J-^,jlJI jXJ d_i J .^d_ell jiij_o 

SdAo j!jdl l^J djUl dd u—II 

^-Lc ^ud—S j Jd^ <Lckl 

. ^uS I dJ I kLk £/lXa dl uL 

6jJljSj idudC CjI J_2c_2 dllk U IjV 

L^jlo d-idkl jLVi i <6jSldJI Lk 
^kd .LlojSJI <k__II) J^ll 

SjSIdJI ^IcdJecul ^JLi cJuS iJLlI (Jjlji _cu 

JPP J'-T^l 1^ J “V 

<Ji_oLe d)-^] <J^_.E> >_>1 a^cVI jsJlc 

:[Jj^ 6j— jU. ^ >LJIj iLeeo^JjS 

((.jlil 1 ^ I d^*1 ld-» <iicd ilS-ulo 6d-A» 
<6jSldJI c-L cojS ^0_^_aJ iljL^o 

d)-o Jd^JJ Ij Goj I_ild^. Ldk 4e^.l 

^jkau dlll^-S .jJLakjLlL jJLdkLlI 4 cl^L 

^_a Lei <6jSldil 4_oX.I dll <4 jjJl 1I dl^11 


<6duksl ^sue^kilj ^dLlli . ejl ^.C^Ll 

< 4 \ qL> lc 4_i_cuLeo j| cUlaI_A ^ _Sj Jjeo 

<Sji _cedi dh° ic^jiko d)U^L 

4_A_iLeo_iS Uj | »V. I 4_kcul^_i 4 u i 9 1 1 

& fL 

< LS : (J I J}-euJ I ^uk d>ko_i LlA^ . 

^JeoJei &U-S I d S-i I ^ L o iS 11 ^jS-o_i 
L5 _k ijdlllj <4_eoLesdJ 1^9 4_oj_o_id-lL 

SdjLecalll j jll j ^ Le^Iecu^ I 

d)-o ^d—^ —k Lelk d>—k 

Ca LlLoJlI 1 d)_o _cu dJ Li ^ 3 .ejl J^JI 

^iJI (4 u ^j) a \S 11^ 4_Ajjekl 4-dl \ o \S 11 

J n< » u* ^—11 

I d_AJ ^^ki-_dill ^_3 4, i i 11 Cd!iL-£2ijdl 

jlS^^fl j\kj j_Lkj (^dJI J-A _dill 

Ik d>—SJ j .Sdllxil 4—udljl^-ll 

<d)Ll^u A 4J ^ kill d)-° kcecujJI C.dl^ 11 

4_Ljk _ze^l j 6j Luk I_odsl d-2el 

6dd*-o 6jSld dllk d)^ Cj^ u—^ .^dil 
d tj^Vll SjSldJI jecuI l^jlc dfrlk-A 

^j declarative memory _ ijMcVI) 

d)SLo^flj ^uI_elL 4 xs^i LJI 6^) SI d-11 

jkJ-OJ 4 jJ] 6jSldJI 6d—j .dlld Jj£.j 
^_k JjeLcuJ j i^LodJI d)ldllko 

<NMDA ( ' J d’i L.t | ^_cd-i d/_ j jjy> 

ddJ . djl_JJJCCtfSLsJI i ^_lc d^JJ 

4_kcul j_i <(J aALcuII I dd) 1_d) I d-^.J 

d)-a jjdSJI _cul £deo_i j_esldxJI 

.k^eJj a kill S^SI^-II J-* ' 

2 ' 9 

4_e^j^_ckel I LuuS I d d^Sj Lo Lei Lcj 

\Cdu ^-o_-cul 4 i I oC J^Lk d)-^ 4 jco^jJI 

cd^Lei 


JJ 


d>^ 




4_aklll 




ei 4_ec 


J--VI Je> 

e<aeij NMDA 


^ceA .dkdlLI dl3^ L5^l ^k-ccajdl 

4_Lc<£sI^j — ((6^)) — dlldS jo\ > i <dkdlLI 

die. 4 jlAj II dlxkl_ceLAJ . 4ll^JL2e ^_o 


kjL 


Ul kLlj^fl 


CdLsid Jj—^ 

9 - LeojSJI ^“1_ckl ^ d _ij .4_i i 

jel^C.^1 (J^lk 4_ a-LojlII 6d^J 4_ij> ik 


djjSl d > A kjj .4. v a A Li 1 6d id-*-ll 

** 9 

dkJufll dh° OJi- ^Jl JiU.. 
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Lo-ia ^_A j < of stability 

4 jlJLJI Cj\ _jl^-L^fl e-lj^ 

6J-A (J_It L^jlS ^ ^ <^.,.A^Vutll 

<JLJLOj S^JlS ^jxULSLJ <j | <Jjl^jJ I ^ A^> L_JlJ I 


(J^ L-ujG ^jl LJ dilj .Jjiai 

6J-A 4_Gjjua ^ dJL_A J_A 

<jlLoC 4 L , ,. I ^ \ ^y \ \ \ \ Q 1 ^ ^ i 1 \ ^ 1 j 

£_ixG <JLJ>_ <_OJl 1I ^jl _<_U_* t_J 1 i. n ^ 

^£JJl 1L -Lai_GjVI (3^ ^I_JJ(jJ^JVI 

cA-b • b>bj^ 137 ^ Lgj ^ylJI 

Id-A J ~LG Ij^Lall CjLI _t n^w 

^G LjJlLII A Ac. J \ La I J_A j . uicJI 

<Ji_oLa- _oj <^jl*I^S .W> _ill 

[LiliL OjA^'A <_L 0>?- 

f.UilJ| ^—Ab 6— : Jb—b A' 

4j| A * 137 ^—3_>JI ai£. 

cLb •« 'ajl ^L £—*b 

V *LcjVI IjA LS —i iJ ^\ 

.Jlill j j»' Jlj 


ySLaa J-t2s 
(j- 3 *—i w nl^JI 

v, b^jsj' 
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/_<j) i < 1 1 "\-1 f chips Cj l i \< <i ^jy5L I 
^ill <graphene j^JI 2h° j w^>U 
- o^j^JI CjIjJ ^ £_a —«_oj J_A 
^_L. 6J-ojl3l1I I ~1 Ljl^ 6J 3 

G^lL^H '_si ui \5»1 Lll .aL-JI 

<2010 j*.lc ^L^jGJI ^ SL^ La* LT^" 

(^j-^l JKa7ii ^-L^Gj <ia.LiG c j^Jj 

< ( j ( jj^)^JI ^_L. < \\til j_ jLJI cj! _a12j 

6jj 2 ^_Lc ^ —s j-aIxj ^i 

£j\ J <—U-*S 1 jJ <j—LT^" Cj— 

.i^j j <Ij 

buckyballs OljS ^_sLiu^lj 

<_s ji^w ^ (^-A j < 1985 ^.1 c ^_s 

cl>° Ul^-^ 

*> 

e^juiA <_») jjJI —<_l <^<aJLkJl 

Can Computers Be Made Out of Carbon? (*) 
special relativity (>) 


4_ ±s~> I j_A 

dilj J-*-^ I—^ \ ^jl j—A <dU3 2)—C 

1^ 4 > >-n 1 ^ 4 U a > *>V I L ^ ^j 

Cj LL -Lajjj 4 -LaL1 I (_^aJ I 6 j-A 

dlj^JLJ (ilUL^vj 61 ykll _o 4 jlj^JI jJI 

<-Cj_cu 4_Uj^ <-Cj_ <_oj CjLj^jI^JVI 

i \< l\ M1» cjIjjuG I>.\5Laj .^j)aAII 

Ujj£ti\ <J3S ^ Jjj3 (( 0) ^r>L^JI 

isLLJI cjLj_»_xj ^_a ejji_ <_oj Lsj 

< UjL- qjL ilc J^lsu ill 4 jlc j)11 

.^.Lc J *\ t 'ns (JjwkiJI ifjjJ (J-OJ 

(5L^' U l 

4 m a ^ «<_» 


Lojj 


^.LijLj)) I ^ i ^ rG 


J-cU IjJ CjL^^j j CjI _li 

La ^ L- _jLaJIL _i^L 

island ((Cal fill 3 4Gj_o_ 


j^b.4 (QIjI, y\11 

Olj-4.La jj-Ljl u\ iSJI 
la V‘J 

L 4 0 ^ 4 J (jaxdu-uJI 4 jllu1 

4_i^jLj JMtxil LlA^ 

(j-oAcoJI A 1 <L^SjJLa 

^Ul Otlaj^. Jj^n.4u 

oLl ie^ 

oljjj 

oidjyisjyij oLj^-»yi 
4.( j , yio jiu^ui 
uGgji 

LAjlfcj <g-LtixJI 

j\4V\i 4_ijpLll| dMuj^l 

$ 

o* u 3^ 

.oidj_»yij oidjyisjyi 


4m -x , ,,<l 



Lo-A^ \ \ ^Jjljlj 1 r> \ ^ \ 

. 6JJ-^ 4_3lJ [ \ r> \*\ J) ^ 

<1x 5 "'^ LJI (j ‘n - o"' a3j 
A o—° < 

i ^L!a| ^_^Jl 6J-A ia i 

jsu <—t^lA' dal^)d—II ^jAa i 
dildj <^.j-a-tajl^Jlj -<-uJI 

^iJI 6^) \ A-^a S II 4 _)lLcJjJI 6^)JlL 1I j!iLL. 
La^LL_LlgI Jjls Lo^ll^j I_ aLl^g 

- w Li 

j L OI—t-ul^jdJI 6d—A 
<^J(jdJI Jj J ^ 11 i^G-S 4 jlj LjjlLI I JjJj^JI 
j_GL_tG J^_s : L-Gj I <jlojlaLs-LI Jj 

< Jj^l j2klL-LI <JLlJI 4 GjLsJI j-i-^LaJI 
^_a QLaUaG ^ 1^ Cj I-ALdVI .^k>L 

Li L 1 ^' Lb L' -L" 4L—uJI 


uiL^i 
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£>UlU LdJ<jdJb XA ^_2j 6J JcL-ULO J 

1 ^ V\ o t <jl3lju-^ bjj j _ s jib < [Caltech 

_ dJ!jkd!\ bubJL dUd ^J_2 j <j| 

^lj-b_ ojLs diljj \<LIW 

. xLlj-uJI bjiL cJ^Lcul 
bdb (2011)^1x11 11 ab-JL^j 

Jj_oJ <1 *_o _LoLsJI J < I^ji <_ujj .D> 

^j)\ ts\ q *>l—tile [MIT 1^*11 

J)-b-0 ^b (J^aVu ( (jjjbJjLA-ol I 


dL_»j^. jld ^^jd <dJLjb!l <_^jLoj| 

H jt 

Idjj L^b^l <ljJu_ujl> ^ddj .<^LU 

4, \ A\ S I _(jl 2)^ A * o I_ LI 

^A <A Ibl L (JjJlo dj^jjJ ^_45L < J^jAjl I 
c-du-bj . dbj 6J-1 4 _jloLJI JjJI 

q .\\ <Jbl u 1 s3-^ L_2dfc ^jl)) :^LIa 

((. 4_> 4_t-£2slb <aLL 4_LlC^o 
b Ltl x. i 1*2 Li ^LLI I q 4jlLolC <dllj)V 

:<d_-lb> Jjdj A,\x is~* dIjblL 

^jJI <J_io <d_ILjbll jy 

^j-O 6j.\Cj < < I^)JI_(_u^j> 4_oJ_b 


t l^^3-o L^Lbbl ^bl cjI^Jl^JsI 

<bjl_C Cl 1^_Ls ^_lc 6J_ ojlsJsI 

| J-| ^^jblj (6 J-C1^ d l^j—d^-o 

Ullo Ij 2^. .0 (jVI <_ 2 _ Jolb 

^dbl (J-oXJ 1 3l-!lS (jVl b^JlG V bj[)) 

t ^-jj) a A11 JjlLojJ I d l J oc ^juulLJ I 
dl^)j £-Jjl ^b ^II J)_bJJ 

((.6db^ jXj) t a n 6^)Jj j. IJ^Jlo 
^ llil <CvAi11^> J-oJLJ 

II ^Lllau-^iU <_dijL<a-a 

" ^ 

<is_aj Lo J-2^ J| <^JLJU-oJI 

^J\ xT\ S &J A _iajulUJI <_uLlJI ^ IjjVI 

allsJI (j-i_A,- ^LjlLlx-^I _a <l£jj_3 


6d^.1 — 2 1 ^ \ \AiArs 

U. dl d-J 1^ V ^ Ij) < d l > ^ "\.l I 

.<^_JL^JI L> _ 0 tiJkj-o 

^jJI dib J Jlc <<bj) II dl 

. j ui^u La ^jLcj_cu < <jljulLJ I I (j A AJJ 

How Do We Tap More Solar Energy? (*) 


Lftj>Lagj| (j _ 

d Jjdl _i_xj!_2 


j —A 

^ «->l 


’Lf 




d 1^)1 J ^LuJ <_i^ 1 \ & \*S II d Lid 
^-lcVl c5 _1[ _<-uVl £y> <j£ _ 2 IjSJI 

6l)J£)) dl_ JsljI^j ^ 

d Ll^ ^j_o I j j-c. ((iuLajij^fl 

6^ \X t 2 Jl x7i ^JlLc 4 \ x. xj I Ji a < 1 11 I 

^_j^> a?i s a s <( i j'\-2l^^ 4 "s. ^ a Vi 

^jIojII ^-le. <A_l 2 J <_<_AJ JjL^J L^.LlAo 

IjJj 

jjjLui 


^cJd_ ljj 4^1-2 dllj 


. 1^21 (^A-^ IjU I c 


Jl LiVLa,! cJuS 

lojj-o i,VursL^kJ 

4^UdJI 


< ^ L A^-l ^jMA\ Anil (A3^) *""* Lj^d 

^J-6 ^l, \\ A A l^)A2 I_JL^ J A^!l LljU 

Jlolil (JjLJI <AJlLjJI <1_ 2 U 2 JI jlu: lX> 

^ K aVi! I <LaKiJI j nal J . ^jaAdUil I 

2)-<i I d j ^ d\ J A^>^>. ^_2 <Ji CAJLJLJljJ I 

^JLdjJsl <\ 2 11 (jl dl 1 j . <aLUJI 6J-A 

photovoltaic 3 _aj^ 4^11 Ob.^ll 

\\A\ _call ^yc> 4 r.j\ ^11 4_>didJI 


< l^-ol 1\ 


-I 


^Cr 




^ * - 

2)-^ 


J-ojLaj ^j^j^fl ^_le SLl^JI Lab 

< 5ju_u-ojJjJ I <2l_LJI ^ le Lu^d (J-obJL 

J-i-WJI -k (J-A dlldj 

L^UJI ^jl IdAj .photosynthesis 

6j(jj A A I L (J I ^-*-JLJLi V 4 \ A AI ^T> A a! 11 

^jl ^jlbaVL ^j| <6^1 2^JI 4 aILc. 

i^_sl^ILa> idLuJI jljijl (J_-b < 1^-ldiG 

. 6 d-A^) ^Ll-cajLj^ 6^ \ d 1 ^ ^ 

<_iVJ 4_*_aL^. 2>°] <Clu-ub .D> Jjd 

< -cuJaLI tdldA^I d^.1 fjh ’■ [ I- 43 bJ' 

^'LbjJI <4 ji_cajlo_ajjlII <2LLJI 

^ya-o-dJI ^ ^1 bG- uj\ ^ -2 

^ Lj y 4d^L _ ljj Ij «. JjJ I ^ I jlj I 

jJ-2 L_ <_ulo_Ji!I 4aLUJI Jj_2jJI 

LA^-JjdJI (^jb —dV ^LLI dldj^i. 
< 0 ^—ej-1 .s -N> f -ca^—< bVlj 


dl^_<-u d_<-a_> bJJLJj . I^SS 1 

dlj j (J-a C_-X—dL I dj- 

LI J|J-!I (j-tJd_tJJLO A Vi ^b 4 ball ^ 

^-2 Jjll dJld 4 _a -2aJ ^^1-b^flj 

LgGjUj .dblj^lJ ^ 

6 a_ajl2l!I ^ 4 jLlLI 4 JLc j 4 2ji ^ ^ 
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dL^I 6J-A ^jj-2 <^Lj^^II 4 I a^> j-oJ 

6J cl J d 4 jlj^j^^JI 4 ^jlLJI 

4jlj d L^^j_o j l^>d d ldukL> 

dlj ^ j 4d2J dJiL_ulj 63 UI 4JlJL 
a^> 4_bj^. dVJ 4_Gj^pblI 

. ^ LLI ^Lidl 4, \ a he 1 j 

^jb cb JiJI dl-3L2 jjJI (JS £-OJ 

4_j| 4_u^jjill 4_ijjLJI c_j _uLVI 

dbllll _o j iVn 11 I_^jlC _2iG_s jiJ 

((J Li I J \\LH (^bj . 4-Jj 1,^11 d I 2 \ \ld\ I Ij 

4jlL^ 4K-Llo ^_2 (jJJL^LJI Jw\ s jaJ 

I )bs_JLJ I ^ aA« S t—U-»L^fl -L_ 

dlj-"VJ L->,_L~vj . 6 J_d_o iGj^l Sjl J 


a-U_COJ ^LoJlAVI J^JA JbJ ddlJ^JI 

^cGl 2 A^> ^Jl 4_ L-Ol 2 bilbo I (bl_ct.bl 

<^b.jJI dd dl^l_cuU 4^ xsjlu 4-ijlj^| 

Jjjbi ^jl I—^Gboj ^ bi 

t j-3t, A^I 11 4dl_2 4jL»Jjjbll d Ij IJ ^jajI _<_u I 

b. llt^a ^jboJkJ I (J-oj-ij . 4 jljlLoj b-oJL^j 
<4 jul2j iblj-lu jxIdbLcul ^j_o (_\ \a< ilj-bI 
4 AJj 4djJLA-Ouo ^ d^l J^l Ca dllb—Lj 
^A J-<b2l ^ IJI dl J dL \ a 7i & LjJ <4_ijJ 
. 2x3^ 11 u < 1 11 ^b 6 J-ojl*JsI dlL 
c jj_djbJI ^1 —L^-b l Jj-b 

L^j^ —6-*-° 6—°] w> 

^j-o ^ Jj_aj \ a^> ^jbo-i)) :[4_jldil 

jjjLblj jt_o_tb 4_djbj (2/_fll^SJI 

J_ L^JJ d^i^ LAJLO 

. <( 4_» jl LJ I Cx3_^.3^ I 

^etching jbJI Jlo Jjb ^IbG_<_ul 

J! j) a^**> j d^V-21 J^JI dljl J 4_^J> a J 

4_Lld 4 ,xLolC ^jlLslj <bjb.^fl oljll 



a 1 


. 4 \ < (i L lo 


j 4 4 Q 


fJ-J* d 


Ch° 


2 \ A^> 


^_ II djbljSJI bid 
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(jju uJ)) : <ti ji jlj Lfc> JJjSa J • ^j at, JolaJ I 

jxlUll <jlAjlS ^_1c jl_ SaI dlllA 

1^ t i I jJb ll^-tl <d-lj-* 

Lo 4 a-ssL1j < f- Ljlaj^J! ^_Lc j-quIa. \ J^JI 



o\3 •* 

£_ax»I j jlbl j 2 ^ J^Lsa J^ 

*> p 

((. S j k ^ a EjIa ^Jl ^tlrvA 

jISojI LViSLai J-A 

^■■u^J Sx*±^. (3 j^ 

(**"<? j^UaJ) 

AC 4aIa ^LlOJ^J) J(jJ j-A^ ( 

^_aj <ciLuj^JI j JIaaaj < j^Lij 

jl ^-aa Uja <g-l, wTi^fl ^alajx. ^Ju-oJ £“11111 
4 ajajxJI ol jIaAII j^Ia,j 6JJtArw 4 ajLc 

^JjJ ^j| I V\Ai ^lll <6J aJ^JI 

.<_ojllil Ljj^jJI 

CiK aV i ^J-JlsjI I Cj ll\3t a< 1 ^_aj 

combinatorial ( ^4—ii41 ^jJI ^L-l^oSJI 

{jjz dial uurk < IjAji ^_ol chemistry 

SJaJ^JI oLujJiJI L_aVl _11| l^_L}Ll 

CjI J-~%.j ^j_o ^llj) xhe, £_o/xl Jl-^ji <_uLi 

~ 9 

—“xll dllj J_atAj . d_iJI 


mil 


^LclC CjJ| ^1 C>Lijil 4_ SjJlL <_sLl*_s 

f-1 i a i 1 I ^jJ I I j_A jaIc. I Jj9 J . I JUL/V 

1 \ \\§\ _<_<jla Llijia CiLaj^fl ^j-c Cj-&j ^j-Q 

f-ljLOJ^JI 6J_A (j^s3 <4 aaLJI d_LAAill 

a. \ 0 \ 1 ^ \*)l I^AjA I w i< 33 

. JaIa jd jilxd <J \ \ \ A Vi 

^jl ^J\ A \ <<JLAal^jLll d_LAAill 

^J_u jl <<jljIj <j3j_ljulc 4 I^ \ ^la^j 

\\ sTs I jl JaAS n ^jl i t^l 
Cj <oljj>j-^JI ^j-o ^-cjjIj k j vb> 

4 bUII CjIjlg^JI j_ixojJ 6 Jjl^. Lijla 

ijUlll _ ^-oj l-^J -6J_x^JI ^_ill 

What Is the Best Way to Make Biofuels? (*) 
Can We Devise New Ways to Create Drugs? (**) 

C)-a JjJ-2*-Q JJ£- (jc,l_d <_lijk :<aAsI jlJI cLlaj^JI 

^lll (j-o |\mA Juic. jljll 

^j|^jJI ^c-i-u.o A \ 1 flf. ^CL>j .A > ii Ci-S^JI 

, J) UoIj 


4->j) II 4_bill 6j_A J_^j| 

CkL Jj—^yJI <^^41 4_ l^IlL^JlII 

^JjLc 4 \ \ \ 11 4 ULo CjI >. < il 

<jjJjJ _caJlj lignin jyLiiiUl 


-aliiI CjI j ^lat. j \ . CjIIIaIII 


o't- 



jJ 2 J 


O’ 


e'Jj J- 




OUlu i^j_u2lo 4 w) 4 "v 11 4_bill 


jA4I 



iJLJLJjJI ^j\ _Jjiil LoJfcJ 


t_Li (Jjt-sJ L j)Jjj 1 \ a i 11 lCIjJLJ j 

^jiaJI j)il <Cj 1—a i^)...yJI 6yi^ ^ \ t <i i i 

4 ! A qI\ ^j 4_sJilJI 4_Jlc ^ Jju 4 J l ^ I I 

jcjljlLI L^jljwli ^ — 3j l-xS-4-Ol ij <6<^ I _ sill 

(^jJI j^jjJI (j-° 4 JjL^JI oli^H 

. jL-ojLsVI 4jJI 

^oL 


otiLiiJI ^jl Cj;—a. ^—aj 

" ^ 

Cj lljj jjfl J-0JU_U_0 JiujLi ^JLAJ 

< 6 j A < i Lc (J ^>-~i I 1 J-i JL-^. 

V <IxLlJI (jljjVI) ol_atlcxil jU 

dlb^i V ‘<J^I LT^“ J-*“^ 

J-oliJI ^Lo^l ^L^k^VI L_JI 

I4J jijlij 4 jl^JI L^UJI I—$ib 

. L^l^U. 


Jlali C^iJJI 

oULzJI -b>-i^)j ^111 I lA" y- * a i1 

_ijjlyll Cj I_aL~x j ) 4_uLoju^fl 

^j_c 4jjill CjI_aL-xJI i> j_Aj .^J Uat II 

S3 ** 

1 ^ at a J—ol—xllll ^xj — —Jjjill CjIj j 

<t-iij_j^)l_A •G> J- c j_° I \iJ rx 

4_at_cL^. CrOcxUI] <eJLijji_ t-u •E>J 

4_luLujI I j. L^o I J JAS . _IjJJ 

<dilj-i ^LlaII _U. 6jJcJI 4J _uJI 

Cl ^ t A^> 1 IjJ 4_j| i L&> 

cjLijLi-ojil 

jr _<_aj 


4iui jlo J^il 

'"V^ 1 J ^i j| 

^I—1 j| ^—o j_i 

^jio_i < ^j.uLOL.t.V.J I 4_3t- jljj 1 J> A^*a ^_i^la 

Jj_i^_2xlij jxllLlI 4_o^_a CjI _ilil d^Iij I 

Cj LlaJ I ^J^^j x_1 < 111 ^_yj-A _lIlI I 4j2 LU 
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£_)S*\ o!^ -4—^LU ^\ 

^jJI J^jUjVI (Jjlo <(£J —-y^-11 J^ijJI 

Jj—I j>—O ^luaj 


j-a 


1 O - 0 (5 


j-JI 


CiLijil il a<>1 Cx$~^ Li-flLjil 1 

.4_bill 6 j-A ^j-o 4 ilLoju^fl 4-ij A^at II 

^11 J J> A^-ll 1 1?A i \ 111 J<; a Vi 

.4jjLijj^fl CjL i^J>I is j_A Jit Jjl^xjJI 
Jlo jU , L_L^ J^^l jjj-Jia 

1 C« I < 4 \ Jj \^v 1 1 4 1 i 11 J \J) ^ \ 1 1 I \ ^ 

J-oLailll <dl_lj ^_1| 4jl_A-!l| <uj _lbli 

^Jl L^-bjj^Jij <4_\1 a^> 4-i jjl^x 4-bi £ o 

jA£. 111 Ja^- uulI c aC^A JjL_u J J 

4_lLolC ejlLulj .J_Ull \illl Lj _ 


V\lj .4 cLUJ 1 ^_a lllia *^ll^xl 

Jj A^)b^ll ^li-O J^ll^L (j)ljj- 

^jlj_LJI _a 4_<4_LiljitJI 

jJaJI ^_i-i JLvj o_i-ix <4_ la 111 I 

0 * JTjtiJI ^ ^jl^JI 

.j_ lLjlII ^.Lat-UI J_a-^>L^JI J_^.jJI 

^yl f4_LCj-C 4JVj I_lA ^llJSLlj 

4jJ L^J I 4_a* UJ Li ^_a_i (_gj JJaJ 

■U V\ 11 1^ \lc. Ja-Ol^ 1 ^_ill 4 IU 2 JI 

4_at_i_uLJj CibJ a <1 a J^Lauu-ul - < 1L. \ \ 
^Ul 4 ^JLa^JI ^bVI ,> 

.<>ljJtJI ^tjLiV 6jlc J- A 3t *i A n*i 


ill (jI aj < 1 (p f> ^_allll JjAxjJ 

. yia j-lsLLsJI \ I 


4a1 ^1j ^jJI jijil ^_a ^xjI d' 4Jb_uVI 

CiLiJ)3t A^> JIajIJ . CjLilli jl A^^k 

41 J2 

6jlil &jl-n ^JJl_i J-nil J--ij-zxlll 

^iLuxiill ^IILla-ssVI _ 2 I aIc. jxLlJI 

A I m jl j-& ^_o 6 jtc ^IsLaULi V ^JjlIHII 

c_j-lUJI Jaa 6jl jlll J jxLbljVI ^wlatA 


4 IU 2 JI ^lljJ dI <dl_lj ^-^11 ij 

4^jllLi ( jxi _J <^lj_ill caI_lua 

d-o JaClII j ^jl (j{L&jj . J—t-OLa^fl 
(£j — ^-1 <JLi—Cl J^Lau— ajjI J^U. 

Jl 9 

^AAJ j .4_la_A| J_al 4_ ijaaxJI 4_bill 

(j-& aii La 4, i i^A1 6 J^i it 1 CiLiVjJI 
ja^jjlJ cU^I^JIj 4_ lc! jjJI cLaiill 

9 

cijjliJi (£j j a 1 111 d^l_^^l Ci-b 

. jmi (jnijd^f jAxi<_aii jj-»Jij 
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JLAaj .biomedicine j i-xJI o-JsJI 

< jlLsj ‘-‘Jl jcjIjj (j^U jl dllj 

o ' 9 

—jj£> <j1 <js.Jl jLu (_ji jjJ-j 

£j Lc<a^kAlI 5Ja_cul JJ jd>jlL 4jl_c<^fl 

^J\ a j . JjjLa Cj _ijJ 4 _>Jjl1j1!I <1_julLJI 

J*\ di 1 5 _uLloJ^JI jljll 6 J-A cdl_duSV 

jJ^I 4_!LiJI j^a _cuJ JsjiO jl J_ 

tfi 

4_Cj_cuJ j*\ a \ Lo$ . LLlSjj lJ _cuJ Ij 4J J 

(<Lu|jjJI) Jj 1 Mill t v t^I 

oLajlVia J_l^dj jl genomic profiling 

<&J^. ^-l^. j<aJj-a JS i_j-cuLu LaJ <JjjJI 

jlj^l j_a (J \lV\ll ^_ 1 | (_£jjJ_ L - u L°-a 

j-IlJIJ ^1 J.~vj_ culo La _cuJIj <<JluL^JI 


L^jj ■ ' ai J J ‘j-^ 


Can We Continuously Monitor Our Own Chemistry? (*) 
.jLliJ jl selection p) 


- jjl jicuUJ £c^ljO - 

Beyond the Molecular Frontier: Challenges for Chemis¬ 
try and Chemical Engineering. National Research Coun¬ 
cil. National Academies Press, 2003. 

Beyond the Bond. Philip Ball in Nature, Vol. 469, pages 
26-28; January 6,2011. 

Let’s Get Practical. George M. Whitesides and John 
Deutch in Nature, Vol. 469, pages 21-22; January 6,2011. 


Scientific American, October 2011 


j^a tj . L^LkJI jG jjjJI jIdk i^>\ 

^_3j 4_1^_cu CjjJ .D> 4-ijjla £CJu-oo jI 

. *s .\ < . W jj_SIdc. ^_\ a < I JjJI J jL Via 

6 -° jl 

O LL) jJ>J I jlo 4 d j -j 11 s\ II f. Lade 

cdj_cu macromolecules i-^jSUI 

J^—^ —* 

J-LG -cu-a ^ < [\a\Q a j£j jf 

<(. therapeutics 


10 


^-ls. L^-a I JL"\ji_cul j 3 s ^jJI 4jjJ^I 

|j _Isd <4 I lU 4 _<jl3 

. ^-cGjll 4 as*) nun 

a \ 4jL> juol la i^ll ju Ijlajjj 

4 i oLa— uj!^J l <k ojI^j 

jj _aVI 5_iil j_a < biochemical markers 


4^1 LViSuu J-A 
ll^Lur.^1 pLlajS 

Jj _^-a ^_S jj_e_J_Cj_a V 

\Cj jl JjJ Jj 

j-a Jjl^j- uj I J_Aj . L^_S_a J-t-^ljilt ^ 

£_a j-UUjlj CjI _a jLl^ 4jLsj ^ I_a ^ \\ 11 

4_i^JI L^LkJI j-a Ujj -Ju ^| 

jJlC J-t-£^t JjJI j 6 J J.^ all C_JJ_i—u I^JI 

. <JlJJ 11 

6j^-S < j-a^ 1 I J-A jJJlSLJ < La 1_^ 


4_a^_a CjLajl*_aJ jv^.1 j_2aJI Jjjjj 1 xA a| 

cjLlLxslII ^Ij^.| ^IjjIj t^ju-uLlil jjjjJI ^_s 
Cj Ij Luj 4jLajjl I Jjjjj j I <4 jl^.Ij^JI 

J-ojlAjj .4_JUL*_a 4_uljJ CaL^-iLc ^Jl ^Jjj 

Jjla jJjlaJ 4 jlLl^J _cull 4_iJjJI 6 

jlj-a ^j£, ^jlijijVI jlaLuuJJu-uiU 4-lLjl \£W < \ 

Cul^ jJj ^-J-^. ( L^jJ| 6jl_CuVIj 6JJ^-a 

jJ^IjJlJ SjJjJLa 4 _SJ^ju_clII jlj-ll CjLlo^ 
■ . >_ k i^i\\ 4_LALHa 


oi-u^ai ji 

oMcUj j_oIaj ^_ill biosensors 

6>JI CjLLlLuu 

I J_A (ijjJj^J) j-a^fl (j^Jj . I 

Lg_alji^J-<-ul jl J-A 

L^> \^>.j \ a^> I tj^-coJI (j^>j_a 4 jlsI jl 

(jiajj . jLujjjVI £-u_uljj J-o^JI J^_u_uj 
^jLlojSJI jl * < <Vi< nVI 4jJ-aJt 1 jj\.a jl 

j-a l^j V j j_c chemical sensing 

oLjltl ^_ si _ljjj^I JlLa oUjulLuJI 

. jk is~i 11 4jlA LCLa jj^I jjj ^ Ij^JIj ^ I jiJI 
Lajuu^. < jL sLuujlLcuVI ^ \ \*\\\ jLa I u^J 
J Jj^lj <aKj Jj Ij jj_ uj I £CJu-*aJ 

f-‘ bCiljlj 

. L^ % J^jJI 4JjL_oJI CjVL^-U 6JJ& 
6j_iJ-^ jlj_a^/ jj—^ jl jiojJ 

x ^ o 9 ^ 

sensors (ol j*-u£uJJ) CjI <*>^U j-a 
JL^-a <j_ JjJj _<uxa 4_ ul_Laj^JI 


Jjlju_u ^ \x 4 <6 J£.L.u.ll ^.JJj jl 4 jjjl^JI 

IjjJI 4 cuLcul JaJj jfLaj JULI 

I j_A jjj-aj j^-aj (jlxJ-^J <6j_a_a_a 4_a^Lx_a 

.4_i^iLkju-ul 6j£.l_cull J <^j^JI 

j-a Jje. ^LjIjI jjJL^.Ldl ^-jlaj_ cuj La^ 

j-a jjj ^Iji^lcuL <4 xtijll oLjjj^JI 

jl!*: Cjl—jjj^ IjJj—Sj j] ^-^ 5L aJJ 

j_aj < IjjJI ^_2 j^JjjjJI 4 _cuLcu| J>ajL^-a 
replication ^-<-oj jl^cVI j^u ^ 

jc^cllU i JjJ-^. ^1 jj I JjJjjJ ika-k. II JjLa 
J^-cuJI I J^_aj .CjljjjJiJl 6,1 a j-a JjJlIj 
j-a SjjJ JS ^_a CjLicnj JLLjl j^ -a s 

yy i4Ku^^ i j ^c-cojji cjijjj 

^_lc ^J^J ^ I CjIj12j dJI—Ids J 

p.| j^.^| JjltvJJ^_Lc4jljjLJI 6j JJ6l^L^-a 

.4-aj-cuj-a CjLjljjjj ^LjljV c_ 5J_till jl 

L^J CjLjujjjjJI jl^ <Jllil Jjuccu ^J^j 
j^f <4, jj\ a^l j^il a^k^l j-a J J^.a ^-jIjj 
cjl\ 11 4h> i nl jj 4 a^ 4 ^jj j-jIjjJI I 

\ a \*X I j*S a \j . CjIjjj jjjJI JjSj ^jLII 

f^-Jj-ajJI I ^Ij^Ji_cu L) <Jj-Sj _cull 

j-a jiajj dj_i^cJ cjl_l^j-JcJI 4_ 2 ^ajJ 

jj-ajjj . Jjj-cu-a JS_du LuIaIj ^_a_^-jJI 

green *1 j Wjj^j 4 ^jjUI 6J_a 

j-oldjl ^ lc, L^jjU <^4_ jjjJIj 4AjlSj) 

(^jj^jII jJlC 4 \ v\L-JI £cj| j_ill CjI \a*X 

AJ-ctajJI j_ jloj La 6jl_C ^jiJIj I_ ^_lS 

jl JJ.S j_a 4 a^> \ I_aj ^_ A \a \ < \ 11 

. jljllj 4 jILU 

4_*_aL^. j_a] <j_ J .D> J_aJLJj 


6 J-A 4_3Lj Lla 6j_JjLs»_aj ^JjI^jLa 

CjI J^c J ^ _cujj I j-a Li J_i_3 4_ijjldl 

j-a SjJccc^ja -Lllj_-_cuJ 4 jlj Lcaj^JI ^LjulII 

J-t-£2jJI ll JI 4jl1j 4_2^-ajJU ^.jIj IjjJI 

Ijj j^. Lcoj I I jJtlLcc^ I Ldx . ^iaj I jJ I ^ 

Q-^^ i <DNA IjjJI dlljJ Ljlj-a jJccuj 

^-J Lila J$_do -LojJJ i 4_ j I J jS | J_ Sj 

jL^f P LjoJI CjI J-2CJJ 6j \k JLS~» CjLo 

4 daa 1 4_^ol_dca 4 da> II 6 J_Aj ..LoljJI 
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y i £-C LijU^xX i (J-l^I^JLJ 

.^jjl lA//^ i// LcLu tiiSlui t*s iZjl^Lt-zl 



<pjk D> 


(j-iuoLxJI ^_lajJI 3 ^ 3*-^ Id-A i—u_<-u 

— <dJjllKS-o> uJ_ui\ — ^j_x_> ^ J_II 

<>—* jlmiSJI J_4^l^ jJI ^—II 

dl^lj .cx^jlLI Lx-j-uI ^ VL^-o VI t <iMI 

e>J L ll^^l ^g-le ^1 ^ s f *I I d-A 
OVLt^iiyi 45 Llcu£ . Lx_o ^j \ L^jL^jI 

cj-° ,. . - o^ (t) aj^Ji>ui 


- d—oAll LojlS <-ul \r> \*N Jll_<_uj 

(Jjlo ft* J_dud I ^Ul dlileVl 

Lx_o J_x-d ^11 _^.1 S J_> J-C Q lij) 1 ^-O 

. ^L-IlJ 1 \ r> dd^)Llul dsu-ul 

jl^ll J-11*1 <Jl1oC £j j)A_fl d_sJ 

* 

L5 i^jj < JjI _<_ujJI Jill ^dl 4 jljLuu^JI 

^jJI iid-lL* Id ^24e llcLa^i ^Je LajIM 

< CjI J-luLcdl jxlc JJu^L-*£xL^.I 1 ^ 

jxlc J)J /. I « ^1 ^ li . ^_A LouO L.XX < 1 

<5jj Ijid^ 

_c ^ V dd _ e pheromones 

jjlj <IjeU^ lix-uL^ p-LqlLxJI Lol .oljdidl 

I < <dljjd£ko> c_i 1 i ti I ^j_o dj) ^ C. <_X_>j I 

<Lu i \ ^ 11 cj i^) Liy 13 ^- uj w ) i 3 * i ijj ^ j*> * 

JVlUuVI jl THE SCENT OF YOUR THOUGHTS (*) 
. a u l x lI L> dJjl^Sl 

ovary cycles (\) 
McClintock effect (r) 
the chemical messaging between women (r) 
the reproductive networking (l) 
(J-A.-VJ J —j I uki. I : Jj—La (0) 

. J^.1 jJI ^lll jljil ijr\-i Lui <_uLl«lJ^JI JjL-ujJI 


1 ^ X ^ Il’:', (Tj-idJI 1 \lx II d>l.*<fl^d-ll 

L^jI I ^i^lji . J-o£. <—Jjjj 

.^jl^JI 1 .^ AC.J CjljLiV CjI _ ^Ll) 

Cj_ujlsLjj I^LlK ^jJI Cjjl_£. I_ ajl £.j 

>oVI 

Ojl-C.) <^jJ) i a <> \.oLeu .P> ^Jj^fl 5 jlX-cL^JI 
^JjlsI)) L$ \x 1^ 6 jjl^.^I 

Ca^—^ oU^^Li jJI 

((.dljlcjl LUrv jl < x^ dll 


<djIlKl ^ ,D> 6j-»_ cxjlo <_j|jj dlul^ 

.ejL_xJuJ I dCP oll^J d" 0 ^^-1 AjLrJ.X-11 


<dJjiiKS-c>d-uiLi<d^l j)\ uo^s J-X-J j 

^_dujL) < Lik dljl-<-<jl^)d ^LiJlia dls-ll^k 

^ ** 

:<j|j) \C- ^x^i _c (jiJ_ko du-yj 

((1 ^ \\j A _jULolaJI 6jj J—ll O_il^J)) 

dljiTuLuj j_d j j) Nature j—JXLu <k-o 

. ^ j__ujuJJ ^_1 1\ T i > kj x\ -y 1 <Lx_»Lj d / 

^lxjLj <JLjIj <L.-£5lLo <j_uIjJ J-0_ujL> Ci^jJIJ 

_ <-31 Cy^ 5 jLX_ok. <i_JIL 135 _» 

<J_<-uljd <Ji_col _cxjlj < \ K ^ ^-X_okJI 

CjIjJJ- 11 d' t <6jll dit ^—2j 

j AJUJ Cj Id_> CjL->I _uill di-lH (^J-l 4 jlLaLJI 

ti3j (Ja x^q ^jljill oLLiJI <x^Lkj 
^ ujJI CjI jjjJI \ x^ Ij . Lx _0 ^Lijls 

CjI jjJ_II JJ-C jLx^aj i ll^ljJ J.Ji^l 

.^J^l Lx-O ^ ^3 MJ Lx_o IJjj 

^ j—^ ^ A ^^ j 
die <JUloLJI d-llJ(JJ_U ^JLOjJI ^-sljlJI 

^ 1 1 j . ^ I Lj f, I < m \ 11 


^_CdIL_a 3 III dill J nxl xn^\ 

^.le ^ ^x^> dl lj .dl^yx^ll 

<jJILJI] <dlj)\vKli 1968 
A.\A 1 c IjjJ [dJl 111 —cxJj <-ik 

L5^J -dA-^ UJ -J 

^ xA ^lj_e <JjlLa ^Lojl^.1 

dlA-sl^l T) c Tj^l d-^Hi I j ikolo 

ckj-u^ die 0 ) 3 -uiLVI oljJJ 

^> Jl ^)- L i L *-l I Ll—xlJI < <dJ^JLikko> 

iljli ^_caJkJlj J.AX II 

I J_A d I dj) ^1*3 ^ I < llX n^k djj) A.^ 1 

slxA o cjIiI die Jx ^^j L 

Sdd-ajLo j <<dJj_llkko Jj_alj 

^s. 11 Ujy;~y LajjlLc ^j-Q ^Ll^jLcuL 

V I » : 1^ \ A 7. <Lx_o Ll 4 IJ I j ^ ^ >1 

£-JLA^JI ^j^-l J < dJl dll <jad-> <Gld Lc j_^j) 

<il (( .^i jkdl l j. \x/ )j (jj^j Iji^iJI 

«L^.ljil dl—ll l ^ kkl -caJI ( y^ 

U-^Ji f La jkl C_JJ U^l ^-Aj 

lo£ — j-ilLalil l_Aj-X_duj A nlm 1 L> jll 
e -1 wlX-l I <ej_<_al j . I l^J Ly. 

<A ^1 V I 4 IU I_Ajj-y-y I j <jl! li Lu dl_ll 

. ^ 1 **\ » » 1 ^ C 1 XXJUU 

J^e l^lLojje _ 11 jd <jls)jJI dl_llj 

^jlIU j ^_ cu -^ (Jlj_x_dl 


^LAi\b 


4-ul^1 ^»VI Olda ^ Oljluj^l <>lA «Uud dSj 

^ll| <LuLl4oSJI oL_iSjll J_uai ^-Lc. j^lyUJI J_axjj .Ol— ujjJI dJj ^_d L^u 
.4 u <t4 1 11 j 4_LyjjiJI LAjIII jljx-ul j£ <-4dL<JIj jLuJ^fl ^ 111 ^ lAjjiLi 


j-aljj J—oju 4_uUa^S JjLujj <LjI jl V < jj—I jLuj j-uaJI jl O—u j_dJ 

^^111 j|jil ju <LIjdJI oMus j vu\i Jaju US (^i—mil) lit dvoKJI oljjJ 
.(jjji .511 jj_jj (jj ^ 13 x 1 iJU JSj ^ ‘ 
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^ -cu^n I j_A ^jl £_o <4 jl3j-S_o 

u^l £_u2J < £j \ j/^'k 6jJl3 J-S-JJ . JJU Jl^J-> 

^-t^l A-r-VW! Lo_Aj <dklkdj_» ^^Lcj ^j-c 

<(j(j_cuJjk .P> jjj ^11 pLuu^JI 

^j_ 1 _ u jj_ 1 _aJ| o)j i. 7 t^. 1 ) ^xk 1 

LaLL-vj ^jJI JlS 4_ak <j!Ltl>jJ .M> 

(JJkj) pherein :£jyidLj jj ^_*i*K o-° 

cj-i-a^ t c jj-cjjAllj . (1-uiiu) horman j 
&jJLS_t-£aJI ollj^JI J-JjjI d-2>. I < La^-SjjJLJ 

id Lie \*\ 11 (JjL-ujJI (J-o^j ^xjLi ^jJI 
ixAi o^ •- ' — > d9 • *^141 £j—■Jl j'^1 

^£j£j IJ-^. bj \k is*> oLlo^j VLs_ 3 ej^ji.1 

4 _cuk. 4 ju£. diLjJ_LU.AJ J_uOJI 

JjlS ^y> (_kjJJ I j_A J^lLa. i Lcdkj . £-JuJ 1 
^1 dj-3 £jlll dlj-sl d^xl 

<^jx>Lha 11 iLjLi lj_JI £.Vi s (A _<_a£j £jjJI 

jl dljJ_<-u :Mjlo _3Lc j£.l_aj)) 

.(J^Jl^LlII Jj£ J-^. ^^k <((ijjiaj 4 jlLoC 

L_£_Juki I (jkcl CxfljJI dl_Id d_JLGJ 

ANIMAL KINGDOM CHEMISTRY (*) 


.F J> jXjksJl ^ _(_ojja!I 4 is \ \h>ll 

(du~x-> jJI ^LakJI A, \ FnlL J) ls~\ s LojlS 

^IjJlLJI ^k 4 1 djl d dJj. juul ~s.ll 

.4juulL 1I dlld-1 ikdLcul a 

1959 ^ k lt'I 

-il j 4 Aj^UlJ ju _<_u_» j\ 1 a 11 I J_» C/^- 


<dulijjJJ .A> I s_!l dild ^ ££ 

[ikodkll <Jjjj 6jlkx LT^" j>-*l^-^] 

dJ Id I 4 klLd (__J J lL^jj J \j X \ 

^ ^Ul 6JjJ djl- il\j£ 

\U <aT \ <dj_ jLjuui jJ> ^\2 J_kl . 1_A 

1 k xjj t J bj \k J-L 1 - 3 ^l dJ 1J a 11 

(4-^j-^-^v-lI ^ 4_1J—i-ujj^iil l_AJdC ^j-o 

dx*l5l^ 1 \ r> \5ai 11 c_j 

£_o_z^. d£J .kj JJt A^a 11 4 Jl1L> 4_lLo3lJI 6J-A 

^_o 4_ij(jJjJ ^- x 11 4__jlo^ 

is—diL J^> 

4_xjulII 4_£^j_kJL dl_lj j X-ray 

^-o_ ljjj crystallography olj^LJI ^xk 


j_Aj <bombykol « 

. 4 \\ nkUL> ^j£Jl 6JjJ 4_Julj_S jxj_ul 




- aijjxi - 

Deborah Blum 

4-kJj.oj < 1992jjljjj SjJL*. < f\j-b > 

Ztu^sJI :The Poisoner’s Handbook :<_»pKU LLj^ 
. dJjfJJJ-U <j LzJ! J ( ^-3 ^C^xh.J! c-tA// LlxlLoj 

(j-* ^kj-ajjxAJ! ^ Lf]LjJx-a ^j] CJ -L c Ti t t s~> ^ 
^jJ! <-"'{j ' Aa. // jxbu ^ -^s/,^,7-v V/ UJ/j 4-L$/^ya 
■ cU±H (j-o lZjLIj^jj-lA// cJ ^LL1xuj 


d£J . i>j i.h nil dJ L^J) 1 x n 11 »■ kU jJl£- 

^IdJULi (Jj iijJl^jJI LklJjJ 


6jj-kll ijl j^Jl jljll Al^U. 
^Lko LjujL^j jrH^ 1 ^ jki ^kJl 

ji ul^ j\ j-^>> 6-° 

Jjj-O £-JLA^JlJJ (( ! ^ ^ xa, Li 4 Jjl 11 1 (jxuJ)) 
4 ^ \ a Vi djLcj-Ls.ll ^j_c 

(J is*i aT\ Sj-2x-S j ^ uiVi ^^Gl^LlU ^ uun^i 
. 4 jLJUlLJI jxllc. J xhJl ^JLi ^ 2 ^ 

( * } ^Luli < LLm pLljoS 

jJlC ^jljLCjkll Jl_6jka ^jl 

4_t^lixj (£j _2x^/1 ^1 jJ^fl (jfi _j ^Jijl.1 

jJl£. LojLA J 6j.\ \ c Lojd dJ-jk 

1 jlijJXJ ^yjLjljJjJI P 1_cjks .jj_t^>S 11 

dj L-J1 jlj ^1 (^Jl-CJL^.1 -C ^jjU 1-ft \ 

6 jlj^Jl 4 -^-jd ^LaL)I d-A£. - 11 

jj^j ^-J-L^j ^_Lc (J-oXj itkxcLc 6dLc 

j Ltd IJ . AjJJl-<-al JJlS ( (_) ^Ikl 1 

^1 d^d-sJl -1| <j) : fjjld .Ch> 

k)I dV\sj dj-i^x Lfrjuk*I jj djj^-ldul ^jJI 

L^JUU LcjlS iul \c \\ 11 djljl_duVl 

J1 jla j _ cojl^JI ^LaljVl 4 _ jlLqlC ^J-C 

£ uaLill ^jj^JI A J \ "X I djlj ^ — j-uJl 

jXjlsJl V1 jll^l tjxiiC 
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the steroid ^ 

j £.\j androstadienone 
dljJ^I ^ b j-u'G £fUJ Uj . LlJjjjj Ll^3Jj_LS 

.iUiioLxJI ubjLadJI j old JA .jJSiJ 


_d dfl « a ^_2 <dlj)^\K^ ^ 


Id^J <jlojlu^1 1 ^_A J lua* jJ duJI J 

Ij Ms^'k 1 2ia» ^ jJ dul^J . j ^j-ll 

^y^±A^ <Jl-^JJ J_Ajlll ^jIlLod £yA 

6^ -OLo (jU^ LS-^'j 

^ 1 \ a \\ ^xk ^LslLlS ^£d-!l J n^ll Jaj_cdJI 


: Jj-Sj j . j^jac <ju>j I d-k jjlo cjI^LJjVI 
JL^dfl 4-1L.ujlo ‘ 3 «T«*\ 1 \^"s. \ ddJ» 

d?l <j_tloJI J_Jd ^jLloj^JI 

jljll <Sd-A 4_ ij* is~t ^_k ujJjljLII 

lAjIjjl jX^_2 ^C_JU-OlJ ^xj d-4 ,J <<JLJLuuklI 

((. 1 V\ r> r> A \ a <i n^)Jl 

jjdj dl -co cJd^JI dUd 

<k>l j d_C 4_lJJ_i_ul I dk^ll J J_C 

A Ia ^ . j, l\^-Q 120_i ^jl LU ^ I a < M 

-2 6dj^.J-o dl-^J-II 6j-A 

^jJLjLII dd£- _|| *liL ^jJlII 

<^-2 <^j|jll 6jjdll ddlJI ( ^a jlkk j| 

. jju-VjJI shafts ol 1 ku<i oLuj^. 

* *" ■* 

dd^- 1 L J&\ SjjALI dd_ill L_3jLt^Jij 

<C^diJI <-a*. JLf^J -L—$1 

. 4_jlL_o LjulI I ^L-Ol£-^I ^LLjlc 

(Ja ^ \ Lcj I d-~v 6djk_a bjj _c^aJI ^jl 

csb oJ_UJO. < dLc. | 6jJ) xs~i 11 

Cdlj oL^j-U 

j Cx9 _ 

jji _du Lo Id_ (jj _UjlIIj 3j _auJI 


IjJ-2 -<-OJ ^jl l^J 

((.^^j-cjjjLiJI <lal a <1 \ \ 

^jjdJI oll^loiJI isu-uljl ^_2 

lJI xtr^L <^JLi^2jj> c 2 j5vj jiJ ( I 

jlj^d tjfi _J isJ_u m 11 jaialil _ ojjJlLII 

d^Qh (j^l I_.<JULua (Jj <^jlj_IsJI 

^Id^JI Id-A d^J 

• eJjL^lj_<-<jJlj (—J_llj 

^jl 1^. *A|j ^u^il <4-ojldJI dLdjLj 

jaJ (j| — <^jUlo CdLudjJI CdljJ-aJ jJl2 

. olj—<ijL^JI ^_2 6dj^.jil dill] — iLillauo 
^jjjL&d-tl ^J-ojl11j jvl^a r> d^ ui)j 

(jj 11 ^ILloj^JI a _» (^dJI 

^LsuaL^. 2)-°] <(1/_^jxu_u .L .E .L> 

L5-(jj-cjjjiJI (jl ijXb 1996 ^.1—C 

^jlla-c 4 jjjljujVI <likll Cilll £jj-^ (5^-11 

£^JJ <JLO ^yC 1x9^ 

^LLaJCA —t-Uj ^^11 OI—i—Ol^jdJI ^yA 
.<_1jLo_£ cjdLa^i 

6j 5L.2 <JjllK^> d^a.jl21 I J)\ ttj 

<jlolLl 11 L^^_duj ^-2 1971 ^1"^- < b^->l_tjjLO 

dv n <J . dxdaJI did) jib <dLllil Id al jJI 



^j-ic d-^lj (JJ±± I (jJAJ^yS^ <Loj» :dlldj| 

^jlLolLJI djljjdJI dud jl ^_2 jJijj J_2^1 

((.djtajd.1 djlll (jX J 

^Jl jdU 

^yA A _iJ LJI <dl J _HKl (_yu _LaU 


4_i_u-o_tjjLC 4d^£. ^_2 (^GLcuJI^ <lJli]l ^-oJlII 

jdJI _o J \ '\! \ 6j.^ ~\ ^ _i* A^> 

cd jXjJ <—u_ oj!^ aJIj djl_dll Ja_LaJ 

^jldJL ^.J jLl^l ejJLilll j 6d jXjulla J_Sjl^2 

A 2 a^| -2 ^-caJ dUd (J^j -5-^lj 

J_aJLJ dlllifcj .<laju-<u Cdld ^Laul^) 

d J-*-u j*- _do jX Lik id 1 i-ol^jd <_jJUa 

6^ Jj-^e j-^j <uj^ D> ^— CJ ^ 

d>l_coIjdJI < il-U (^k)) :<laJLJ _UIOJ 


ODOROUS LANDSCAPE (*) 
bark beetles 0) 


OSD—*■' W 


LkJI 


> J ((.<_2jJlj| 6d-A ^jJI Jj_^.dJI 


fid_sd-C. djl_JJUJJJL2 _C 

^JJ-J- A kj 

^jJI <diluj^JI <Sd_A ^yA I dU. 

1 (] Id l 44 A *\ \ 1 \ A \ < \ 

. djlj *h^k II ^_2 Xj-^J-& <djlll^uaJI ^-2 
djl_ddlj_2 ^k j.i^oldo ^ _I I_Ad jX 

(j-A 1_AjjlC ^Jl I_ aI XJLa Jj (j _ 2 JI Idjd 

<k j ^ \ 4lsJ| pi ( <|4 \ ^ Jjlc dal j ni\ II 
J_alllj c_2Jdlil ^jlll J^l dod 

•dU^b C>klj jljjVI jJald J-cdJI j 

<ulajJI ^jkJI <Juudl^l jAjAI ^_2 ^L^.J 
dl^ 11 ^^JL^aL-al^l)) ^j\ 2003 ^.L*J 
ls^ JL^iVI jlj^i 

d ll ja jjjLil !j «. Ij_do^. 1600 2h° d^' 

^^k jjl^Ix j V 1^ 2 <^d —^1 eJlllaj 
dd^uj d^^^a (^4-S :^d^^ ok 

d-Utlj d_^.1 jJI ^jl-ll ^j,_o_ok <1_aldkl 

. dl2*k*-ll d^H3 jr ^ j-i^ 

dd^JI cju dl—lulaUI J^\j) ^ —2j 
^_2 d Ids js Jd-kJ I d^do ckd^- < 1 

<jd_dcaJ| jJl£. ^ Id^^l J 3 { ^ k 

((Jj 4 11 d Ikd coJ I ^ d i^d-dJ I (^J la 

dl jXj Id XA ^'IJ t—JLrvUJlj <dLo_coJI j 

. l—Ad^* d ss< ^ J ^»—jld A^fl 

3_Ulil d_id-aJI *> _kll Id_A j _ou j 

Lt-alk. Lo-col ^k j (1 \a \*\ 11 

semiochemistry SjLu^\ pLlaiS j_a j 

iullJjJI A _OKJI ( ^yA { jfl _CULC ^_<_oVIJ 

olokJI .(idkliVI semion 

■ diudUl (J-O dill ^1 <_0jl 

k-kll e-*<!jJb ^JkJI (^J 

. id-id—<—0 4 *^>dk-O-J 

^4^-° Jf'J- 0 ] M> J— 

I IjLijjl <Ul_oL2>. ^3 oL_^oj__)Ja 1I oLi? 
jl$ <diluLojJlj dlluLJ_ 00 JI ^_2 <j| 

dl-Ad-k dd^l Ad_do dl3jLfr-> d^kll 

; d>!jkj ^dLudUL dd— 

dl d| fid—A J—k -(Jo d—^ }) 

6dd^ ^-^-2 <dld d * <n 1 dtudUl 
V i^dJ 6d2> ^ I_ f>\ Lk d^k-i d-^' 
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( L*_o l *2 A^ jilt 6j_I 2 JI 

^Sj^SLlJ Ujla-pill Lo_Ajju_oaI 

.(J-a-OlS) GjU- lo j| l_2j^ (j-c Aj—*_ll 

(SJi Cfe lW® : <A—K> Jl^j 

Ao^ s ^ _coil Ao^ 2 ^jl ^Allill 6,1 a ^-2 

(( . Lw <( AI jX^_A ^K1 

4-JLJLJLO £._a^JkJ J*_&ljjJI C_lljUJ 




(^jlj| V A^- loj ^cAljjJI 4—Lsu^iLa ^j| 

( l$j —^Mi <4^—^i u-° 

0^=4 (^Jl f-4ljjVI 6-° 

<Jl2tl Jn a<( ^ ,(2011)1 jg aV.11 

^^ [fj-^ A—b ^ f * -* 

ij^-f2 cLloIjJj < L j-Sj_ a_u .N> Klj_(JuLs 

CjIjIslS I jl —loG ^jJI JL^jJI ^jl L^-Jlo 

Sda-2 IjjJLou _ loj l^JLSjJ £^j-oJ A"° 

GjLLo 4o _K<\^. 11 iCj ^_2 Jaj )\ 

. Lijlc A^k. lo VJ)U.O 1 J)2 All n A All 

A^ljil ^jAjJl&JI aJjl_Alii ^jl 

((J Aa^ -Aj> ^ (Jjlajlj AALloKJI SjLlo^LI 

cAjj _aa-o ^_2 (4_ loLA ^ .0 t A_^Jj 

Uj jj . AUj-ll c-'djJb -AlC a a a A X A A11 

j A) 2 ^ \ ^ -K1 &j I_au : 6d-& CjJE - -La. s 

.c aK 11 ^LAi JL^JI jj* LK A^^t. 11 

K »_ 2 1_AAC21 \±& a 4 <^£.1 _tiuj 

^KjlII dlJ-L lo jWd^ ^^Ac. JC.I_ loj 

. j «V< \ 1 1 d \ 0 \ j 0 \ 4 


( * } 4^i u^< 

<jfr JtXJ J_A (jVI ^jxi_J_ 

^jJI 5 ji _caJLJjJI <JLjljLaJ^JI jl^il <JUuJa 

1 2jlS ^_2jJI_!j ^|j 5jlL^. CjIjI_^^1 

£_a J£.1_2 jljj ^Ijil a < 1 ^. 11 ( ^Am^ s 

<^ju^j .G> ^ a.A j JjSj . dl jl_<Ju)f I dila 

(JoJL^JlJ (Jj-auljil 6J-A Jj| ^1 t , 

Cidljjj (,r) oljjjiil (3>*-ll 

An^fl (^dl CjLiJ_<-aJI 

HARD SCIENCE (*) 
encoded (\) 
apocrine secretions (r) 

64 £LzJlusJI <LojjJI 
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jug \ 1 1 a. lr, <L_ 

dllj 4_ 


Juo^ Lu^lO. I 


tl>^] 


1 1 A A » A 


AJ .D> 


j^J- 4 (j—°] < fj^—J> <JI 




1HJI d^LudJI 


u^f- 


dU 


■J 


^LuuUI <julL 1I ^^lll Ij_a <1313 

i L^jL^j I ^_2j .1_di 

LajAG ^cjI^ j-o £j\,\ \c 

^^_2| -(-0-0 ^LjlaI A?.I ^J-O 

u-° J—f J—^ ^ 

\ dJ JJ&LaJuI] JslJ 1 4 ^jo 

^Jjl2 6J_a 1_(-o-o ^IjlaI j(jAll (Ju _sJI 

dlJj <dilj J Xj (£ is**\j _2^1 6J-A 

. J)i-» vl I »—2I Cj I ^~,a ,-,-v“ « Uall 

<dj_ loj> Cia o (A _jjl_2_oJJ j 

^LlIjJ^ Lo^bi a.^ \.\ < m a *L_ 1 » "< 1 

. CjIaALj^J l Jlo <6 J->1 o Lo^ 1_2I jl 

(jl <(j- ujJ> eJjLpG 6 jJ^L CJlU C2j 

UaJL a a ) 1 > 1 ^ 1 \ 11 6J-& ^-2 -(-oil 

j| I JjJLou Cj| ^6 1 

o AlC IAjLA 

j <4-2 J A^> (O ^LjuloAj ^ 

d-Solo j (l_2j^. jj—C I oJjlC 

((c-2jAJI (jl 4 jlulo L^jL^-jI <^jaoJ> 

^.2 _xJulII -Ac 4 jAL!I uj jl_ 2 G 

4ajij ^Jl (J^JLlo ^ 1 % Lo ^jjUAJI dl t 

^ —(Al oA^aIJI ^1 lo£ 
J) a^*>\ l^dl cljLaJLol ^-2-2 . J_o 

p 1JI ^jlA (^lajaJlj Ci Lo 1*\ o mi 

l_ 2jAJ I (j^>C ^.Al Jj-i-Aj-So ^2 1 ^UI * 1 -oall I 

^j|jllI (j-o (J_aAl2| (CALAo)/I dl_t Jjl2 

< ( j_(JaJ> jJu-7Aj .^jljLaJI (3 j-*JI ^j-o-o_lo 

(jAu_ a_o2 ((-AjAJI Cto-0_(Ju I j|» a1 

((. ^jjuj I 4_2jlA- 1 1 C1 oKl 1 
l^o Cs-oG j_(AlJI Jjl2 4_lo)jJ ALjlAj 

4jLO_ijl^| A°] W> ^9 <^)_LOJ> 

icj)o^. o co jL~A L^_jl 2 LA^G [<l_AjLiaaJI 

CAe-j^l ^ I—^ j—^Lc jrljjl A 0 

4-Cj)^\^ ^ cojl_AA 4 _L_^Ls £>j _jL2 

dllj Ct\ ^ tj . I_*-o J* 11 ^jioCa. _ 2 ^. I 

cJILj UK 4jI a£-2^jlo U^ (4_loIjJI 

(2012) 2/1 f^ii\ 


(_ 1 » 11 J Al ~N. % \ JjfeJ .[^1_ Jl2l 1 j)U-2 

dLl A til 11 I -As A K 2J L _e^* Ulico J I Nj. V2 \ 

jlcojlII joj-oAlII (Jj -Aj .^_ jUoKJI 


Lf 


cjjUAJI A' 6 J^^( 3 ^ 4j ^\2 

^_2 6 Jj 2 a.jll 4 _uUoKJI cljl_^-O 

C-J^9 \ 11 A"° % 20 £^_LO I A U(JLJ^ 1 j\A(l\ 


1 _loJI 6 Jj^a.^ 9-0 lAUaK^l 


o cIAa^ 

.dKoa-ll <AJL ^j^a.1 A^L^I ^-2 
UjjA juu ^I_ojJI a1» :< (\9A^_ l ^ , ‘Al1> 

((.AUoj)fl ^,aii\ A^ ^dU^JI 4oaAljJI 

-AlC _2i.^9-o 6j-A ^UdJI 6jJ_2j 

-Ac aj-i-ic cUoljj cA\ \ -Aj . ( j_a-AjJI 
^cd-to j\ ^ ^L^-o a ^ Arf^^Jl a 1 a^ 1 

4_aAl J_s A-U-A I_ OJl 2 ^.U-cA^I 

cIj)^J aaJl JaC Jl_aJI ^9-A l-K a Ul^Ao 

U^jA I 2-^ 4--U1 j l_2jJLjj . I_oLoj 

cjLaJI & I a ^>1 Aj ' a A 2 . ^ <-Aj-ll a 1 

(J=Ai ^l^-olj) ^l^-o 1 L^AA^ ^-Ail 

t_2j-S_ij . A^^ C IKJ-O C-olloV ^ 1^ 

Aj-AA (^dll ^o-AjJI (^dJ J-Al 4oaAlj.ll 

dillj I ^ jJ j-A U-o doJualsJI 4_ cUAjJ A 

.lAl=uoa)fI cojlUJA AjAGo A- 1 ^-!! 
clKjil A—c- KA JI>AV lAl» 

(((6jJi j-lI jjlC dit A_^ 1-^-SjKj 4 JU- 2 JI 

JjiA uoj (<^.jjo cu JjJ> 4 JI 2 U A^j 

j_ooA_2_s 1 n s AI jAc I V » : _j I 2 

( 2 jO.Ul A^A Uj|j (iaA2 a-^j-o 

jAG eld Al9^ A 2 dcilA-o cLKj-o A-° 

: AiAl3 ( 2wAit j ((f4_2JjLKo clijl ^_2 o 

jIj-oj_loL cUjjoAll J.oC o_ilju)) 

AUj Gcdc clKjJ—LO j3j^ 

&J.A ^_2 A I — $A I ajjj-oAJLs jo — A 
lAjlA U|j .(J-^K —loj —-Jl 

4-JlC Li^VI CI j I—lo*2 A 6 C& 

AjU A-° Uo-A 1 a_ 21 UdA u 1 _jijl 2 

• )1 j 1 0 . 2jlqAjj (( 4_a-a I_lllooajl 

LA LA j-U 6jjill 6j-A cdcl_ lo LojjJ» 

tj\.*y .L(t\xi 
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IM^II ciuHJI ^5^0ji, J^I 4JjL> 

/ h ,fcU 4ju-aLt-a^fl bulk.^JJL lU(J j-ULX H ^LaJ/ J^Lo 

. 4/ A l ( I -V <3 LsJUla J L^y t a l Klf 


I .J .E> - <^yy<, .P J> - <JJ .M .S> 




<->jJLL-11 La.jJj.11,1 1 j. _jll^L ^ajL^.1 J-L 1 <dl_J j oLui 

j_& Lo — — A O^Lil <ll_Jl!l <La^_il ^-^jLc ^Jc jxJfcj^Lojj 

« 1 \ Aiu t, LlSj <<LajUaJ ^ Jj_* v LlS j _<-tJI ^j-Vj j(j-JI JS *-** 

Jr>k Cxl^usajj _c^JI i 3 ifoil (j-Ll^cl uj^jlsJI 

<<jl 1L < 1 \x^>Lajj j 11 jL*_»VI ^VLJI J£ Jill jx^_s 

^JjjaJI L^xs j—^liJI SjjjlIU jj—LJI ^_a uuL ^—1| 

oLuJjj^ ^ L.1 j Vj _ij . <_>j)l -s. II <jL_^J j ^ I j I ^_a jl_nil 

lo£ — ejJ)La 11 ^A-^-ll J^-o JL*- 3 JA^- JV-^J <LL_uj_» 5_»j_»_u 

I La caL^LJI J^j- 3 j^j — ^_j\*>ll ^nJL-il Lji 

J^iil jAJiJj>-JI J-3L^ jlL^. ^-Ic jJJjlJI J_A l <_Lj-A 

<.^wLJI cjL^WI ^cALl Laj . J *Aal J-^*-* deficient 

SL^. ^JX> Sj_> J-C <jlsL-L| CjIJ )\m ui \\II c a-JjJL ^AjL^ill 


t L^jLLc jJi_CUJ ^LH J-OJlII C-JjJ_ Lju\ Jj-U <ajjJIj 

^ ** 

CjLLj_o 6 i£ dlL^_a . 6 jLu (-JjJ_cul <CjLulj (j^-lj 

^_a Lg-J _<-uV I JJL^-OJ <JLjl^_jJ| CjljLm^l J_2*J J_£> ^_a J-OJ 

6jJl*S VLJ J-o^j Laj^.1 ^1 jJjljj .^_ i-gjLJI L_ajJjJI 

^jJI Jj^l (jiJ^ < - <jl3 <jILjl1I ILa 1^1 J (jAa d 

i £\ 11 ^j_<_uL_U^fl u^cJI ^ Afi i as 

<_lSj^JI (^j U-i ft jj& A BREATH OF FRESH AIR 1 (*) 

^cjj ll&» jl ((^jlll oLi.)) :jJb 6ll»_a iLIj <((^Jli*1a ol jJ& (j-a (Jjoij» 

U>-5«) ' -«C^I jl 


^jJI ujjls-II ^A^dl pLqJjlII —JluLI LoJjlc 1989 ^Lc ^_a 

(^.1 \ ts~\ \ ^JlLl^. ^1JJ ejljL aA| J ( ^ A ti \*\ II L_ajJjJI C_U_<_U_> 

I J-1 <<-Uj(jjVI Jj-t-ia^l (£jA Jl_aL^fl CJ11 1 Lo I 

j| L 5 ^ G-^ jL^j 6 jILIjI JUa (^Lll ^jLl—nil <>\jjJI 

njJj La 6jJic cj! jy~^A ^ n^j^l ^^lll oljlLLL^fl n_ 

S ene o* ^33—^ C—^ 

.^j^JI ^Ll) JaJ j!^>dl ^j-o <ajlL_u ^_<_oj a^> ^ ^ r> i 

LojLi jLxjVI (La Jixi_<-u£ <J-aaJI Ij^J ^UjJI (—JlS I^J- 3 

> a v 1~\ 11 ^^j^jIjlj ^LJI ^-i-Lj-tl e_aV1 cil^-Jlc a,n ^LLa 
J^lj^ LX^J^J <jaJLaJI ^U^jl —Jj ^ ^ 

^jVI ^^-iLsij-ll JiL k a*.rV\ ^jVija . j_oaJI oL^j-JlaJI 


jjJ-i Jlj_caJI . ^dUj I LuJj oLuJ^I j^-ljl 

_cJI insertion ^AjnLdl SjLa J[^ 

^-i-Lj-ll ^Ln^.1 ^_a ^Loj^LII _(_aJ^I J_c ^n 

• LLL$j ^LsjII ^ A^ . ^ilVil 


. uiajJLj L<a-^ (_ia is~* I <LoJsl <sLa ^jl ^c_a-LjI Ski 

^A^-ll l 'V* n\ J-OJaJ CjL_u jjJLi <L_uJjl& ^_a I^ LoJjlJI 

oL_ujjJlaJI 6La ^jl VI LLl A^all ^LjjJsl LVLi. ^Jl A^ill 
oil\a t_al Jl >^-ljl U*J •‘r 1 ^ 1-°^ J^*JI ^ c - ^* f—I 

O-^-a-LljI <a_ajlil j_ lc cjILc! aAII ^_o njdl jj_j 

4 1 jt-uL-uVI <Knil i_aj-^lu-u! <Lj^L jLvjI ^Jl <n.L^JI 

• c> * u /^H lLlJlII ^k 


iLAi%L 


. i 


1 i^> 


I 


jVl 


i _j^J_ t_u j! I VI < dj 1 < ^ c. cJ llA (0->L 


^Vnl ^1 ^jj_j ^1 jj ^l^knl j—& L5 _ 

i X l\ (^-L 6jJ 3 11 lal-1-Q-J (\ nr 


ulil ■ allll l 


t- \ i Ac. I i 


. o<-uL-uVl <_j I jU. aVI I j_a i^jLu-uV ^lll cjLJLxII j i ^ 

^L-ol J=LI 2011 ^Lc. (^IjjJIj pl jiJI SjLI mi ^i (J 

.6Jj^jll CjL^jVI Jn Ml i p| jJ <AaljII 


.(j^iAilll jl ^L»i=JI 

^Lc ^ t n 1*\ 11 (_LUjl!I l-iimii (^Lll jA^JI LJ1 mi^l Lo-li^k. 

— <un <nJL»_o <jula j — 6jllml (JLL L^.!Lc. ^jiL j I j—> < 1989 
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Steven M. Rowe 


l < ^ jJjjj-l&JIj JUL^I ^3 l <hj /■(_ tl~> 1! ^_3 J C. Lt.ua JLUoI 

j-u ^3 LoLy / ix-oL^.j ijjjL^JI pL)J)-i£JIj 



J.P. Clancy 


^ “!'n , ,,‘n ' ^ <3 JL il~> 0 . wT, ,,n 4* s l iSjJI L <A J/T< III 



Eric J. Sorscher 

hj^J! (■ Ljj-L&Jlj La. jJjjj-L&JI jlli-u/j ^3 J Li<.ul 

. i*(Ktnj-u ^j.3 LLV/ Zx-aL^j 


<j 1 1989 ^1_c lJ _xlu^l ^iJI - i^^JI code 

jJI bolluJjjJI 6J-A J-^.1 — ^_j-ti \\ II l_^jl1jL 1I C_-U_<_u 

wLUUI 4 .jluoC VI j-ifc J-uos^jJJ jujjjJI» 

^L^j-olll lJJCHj .CFTR Ijl x^^.1 jl ^^ 
(j-iLa^.^1 1500 l-jjjL* LL J^JlSJ (J-coL-uj IJ-& 

{j -a 4 IA nl i. ii i UjiJ J 3* ^J J^jlj I j-~yj ^ If- <bjia-o <<UljLC^f I 
I _bills Llj i <T\ ll jl j-*AjJ jLs_»^fl jcjLs-o^a j 

<^lil JySJj J-cl_(_oJj .< Sll\ 11 4 jlCj_L 1I jxl_ culS^I ^jA 

l-Lj-^1 ^,1c < Cj I^IsJ I JjjJ-KJ I Cjllj-> I cJj-^1 ^a. Ill I 

^ airways 3 ill^Jl d-IL-uJL) £jla <-u L _ r ^xj ^ill LLUJ 

^_3 lj j^a. jl) CjI^ llJI (j-° J iTs ^jia «-o ^Jl 4-31 aAI (*>. a^i^.11 

ji iin jm j j < Lx-ij i . julCJIj ^juL jiiJij <J *-a^fi 

.cj Ij^j j \\\CFTR 


i)l JAS Ijr\ - ^Jl Ij-lU 1 AJLX^. (JSI - lLLI IJ — li 

^jl dUj S .<LojiLLI CFTR JI l)\lj Ijj 6 111 ji_ ca^JI 

I J_2^ Ul^j I_LaLl-c ^_caJ^JI t S Jl 1L ^jjjLx-aJ.1 

1/UUijJI jJJJ jJlLII oi \\*\X II JJLA^ ^_S JA.I.U 1 (ilUL^J 

^ 1 .i< u^tI ^_s ^I jL-tull <jui _Jill JaLU.) 


A PROBLEM WITH SALT (*) 
the cystic fibrosis transmembrane conductance regulator (^) 


LV-^JI I J-A jlc J zi\ i SAj Vj . ^ c J_clxlj ^lll 

Ij-ijL-^Jl CjL^JLsJsI 6iA ^jl <jJj^I Cj 1_bjj IjJI jl 

< Lcj i xVi I (^J^-1 CjV Uxli ^_S l A A ^ I n jl 6 J£-1 jJ I 

^j-^j-ll 4 jlLWI c_jJ)\^ ll ^ 111 j 3 jljI ^Jl CjLu-oiJI c->l £lJl^ 




C_JJ(jJ « 


(>:<) ^JAI ^ JJSuiia 

wj ^_o jjlsLsjlJI 6J_A l_SI _bVn^l 4 a^iS CjIJ-» 


’LT 


-o^aUI <. <a \ h 11 <_i_^uL_u^l L^^J^juJI ^ _^_S ^ 


Lo^_o£. \ ^ii^-ll I J_A ^jl 4 -L_^Ls Ij-c J_lo I_ Sjij-S-o 

^cJ-tl ^_jil _<-u^JI ^_a <1 jl*_c J_Ha 

<sl-^ • L»^'^JL» -ts i^Ji ^JlII 3_i JLi£.^fl j-i£- jls\ 11 

" o> 

c j^nl ^cJil ^juu L>*^IaJI 1 -s.i <_ui < a <i\^fl 

Jj|^-i_aJL» <1 vlll <juuj| ly-» ^J-L-bJI (Jjjl^lll ^J £. 41=lsL^JsI 

^a^ljl • I_<jJLil <juuJIj CliLlJI J_^.1 J 

*lil molecules j Vn ^jl_L. jjj^KJI ions 

Lojul^j . ^jUJI ^Jl <jJiJ| f. \ aViC, ja£. Ij a Til \ £\ <ll J jl _ (-ail 

L&JjJtl <6J-A <i_LSjJI JjjijJ^JI CjI^JlS ^ Ljlll| <jJlJ| ^^111 

J *> " 

dlljLJI jul \ <jJiJI *\ _(Ilf. ^jAulJa 

A j^k 11 JjJ_2i. jJlC jJj_ 0_U lij^Ls 
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dA^- 4 3, h A a 1600 lc. Jaj-> La <jVI L5 

dLL^I ^1 1 ^ X la^k ^JjA CFTR dAij|^jJI 

d/djj^-ll ^J-C 4 _X_sIjJI 6j 1 XA11 dlj-dGJI _mij jLd\ d>°J 

(J-t-^Lal d)-° . d jj_xd_a dL c. j)a a ^Jl ijcdldJl CFTR 

g- 1 xtiC ^_3 ^Lt-o| ^J5v a Vi \ s V d' JpS II ^j| J^d 4-<_ul^jj CjLjlcJI 

dl jd_2 _JuAA j I < L^dl£_a ^_3 I_X a Aj 4_1L-G_<-uV <jlLLJ| 

j 1 j-aljl > ,dd La ^lcj mij) truncated 3jjJ ,ixa 

jS^lI V J I q*\ Vd V l V\ 1 j ^_£J- ULi Jjla dl3 dl^ls -JuAA 

jldC. V LajJ . ^£j^.VI dld^A^I JI djjKJl Jj1a ^jJ-C 

dx>*dl ^jSsl* dh° d -dill 6j_& £“ V-t-^V 6jAjlaA jXAA 

6ulC.l_t. jjLa (jl £ca^j-LI d>° I jJj .I (2/dJ^-dlll ^_lc. <■—) 1 xd11 
(4 3 h A a 4 aj J I jAjlsj \"\ i t d la ^ni i\ 11 K 3 \[\\ 1 ^ 

4JU. ^C. I ^jul^JI ujjlxJI 4_<_uIjJ ^Jc. 1-fld-a jdx ^ 

.6ul^ l5 -1c. ^jdaAj-a 

d>C. <jlLLJI ^eJa-ctJ ^Jc. jAjjJill SLlSJ J-al^JI ^)l JjLLII ^ 

c QtArv ^Jja ^jJI < Lc.j) \ a7) 4jlajl^JI dlj-^laJI (Jl^ aTiI ^>a^I 

_ujj ^AAa I ^jAa^. 1500 (jk a dh° -LdlS I j ^lu I _o^. 

F508del_i djiiUJl 6j-A ^1 j\ _Cuaj . SldjLlI *L1 a cjIIjJ d>a <£ C1 jlJ 

j-ajA ^jJI) J-Lu^JI J-A J^jLLlI ^LA-a^l ^Aa^.11 ^ 

Jlryj j (^CJ IdjdJ jJlI I £j£. jjljlXjJ I 4_xJ « F)) L <1_d I 

. 4 1 A JLX 1 A JLX 11 508 ^JULa^fl 11 (__UJjjLll 

jlSl Jo a\ j o^j _II IJ-A F508del 6j_kLJI c—u_i_cdj 

^LiJ tSj-LtaJI ^yA j2LCjJI ^ lx 3 t_-jlj)-X-Jl-^1 

^jdal a^.^1 kJ jijjJ^JI 6 Idi (J \\ xjul! ^_1c. 6^) jld 4 ^lLLJ1 

^_lc. ^pl^jJI ^dLlll I J-2 lI j 4_iijLa^l 

4jlS l^-a j) . JjC^a jlL» JjijjJil I Cj I J|J-» I J si 

^LUI ^)-a ildUl ^_JLOJ 4 d^k IC ^j-oliiJI ^jujj^JI 6Jj _2iJl 

oLo_F^jVI^ oLIjuij^JI ^j-a Cjld-a 4, \ 1 A. 11 ^jl .dLlj-» 

4jL»Jj^JI CFTR (j\ _JjijjJI J_(^dJI 6ulcl_I_u_ll 

* * 1. f. " 

< 1 a jF> << '—ji^n ^i-^d 1 jd 1 —^ tPl 

♦* Jj 

CFTR dryjj4* (> 4 1^ Anil o 1 J) 11 ^)-C. ^-1^" jAC.l_i_LLj^ 

t^iaJI xd ^iJI t_)J) \X 11 Lx_ij-I_u .4 -lLLJI ^ I die 

<<u_3J^JI 4 a^kllll F508 6^Jd-aJl (JjLa 1 \a 4 ^ \kb 11 

jiLtsJI (j-C^JI j_iLajIi 4 jlLLJI £_SJ_i La-a 

^^jJI uUjjl < CJl l\ _Id ^yC\ V cdJdJ 4_^_llj j .mutant 

. 4-iLdJl f. LdliC. ^Jl J[j) i ^>jJl Ldj^ L^-dj>Uaj 

Lcjj xt> jSSVI <T 1 J > ,nll ^ F508del 6>kJl llj 

l^JULJ d>°j) ^dl-*-ll oL<-LU_uj-a d)l-S i^-coJ^Jl c ^ 1 Id 11 


THREE PATHWAYS (*) 
phenylalanine p) 


1 a5» ^jv.xj T> \a n \ 11 a \ \ 11 (Jjls (^Jx ^ \ Lata fair sacs 

^Jd Vrdl 5JjL^_a)) <1 _ — d)l Ji _duJI ^_L<iji.l uItl I 4-Lua j 

<d)J j d)^- ^LlOlSj .((4-iJjLi <^1 ^ j j^-l d)l_ ^jojI 4_jl 4 ^ d-Sj 

d Li LljVI jjlid 4_dlia 4ajLi ^l^lil _HI -LsLk-ll 

^jJI 1 6^)1 i^jJl L»jjdUl L_u-i-uj ^j-Li^ 11 infections (^IjxJI) 

Pseudomonas 4 —j jL^jjJIdJulJJI t_JLxJI ^ d dx^ 

L5 lJIj iLu-LxJI dljl^>dVI d)j-s i^Lj^jjJI Lai .aeruginosa 
dl^jdJI j_lC 4ax^aL^Jl dLaJjdVI jjj-a £jLaJ X \ 

<4_a_J_caJI ^ 11 4 \laC J^J-XjlS <^Lx_aVI c ^Jl 4 al'\11 


^i<i ^11 c dx>»L^Jtl ^jLx_) La IjJUi^ dlJ jj 4 Ajjj 

^IjAi-oJI (jxujajj <dilj dx9 x ‘^ c - • 4_sl-xdJI (.yjuuj dLx3^l 

j\ .jXj^Ll) j^>.\ll ^_1c. dx^^l ^ ^ iLa < julsJI 

JlaJLJ LjLl^.Ij <dll_ca-aVI djtl^. ^lx_aVI -ULd_ll 

>( jdiJj-ll 6 L^l Jul$-J ^ a 11 jL^JJ J-al^ 
dj^3j-a_i ^ a n ^ 11 L_dJjJlj d^l -uall (JldlaVI j\hx a d)l^ 

4^JLx_l 4 jj) x^t. 11 dljl _ LAjJsl J alJJ (JjlS icL-dajJI d> ^ ^ 5 -^ 

4jjJjuJI dUJLxIl l-^ 1 xlu^l Jjl2j <6j,jiiil 4 j^JjJI dL)IdlVI 

9 - " * 

4-LiU 11 Jj_LsJI ^_3 JJ _^.1 (^jJI ^uldd-11 d)l J_ ^ -4d_i-UjaJsl 


d)l d-d La 4_aC.| jJI 4_»Lc.jJIJ 4 julLJI 4_»Lc.jJI 4_aj a^\11 

jAx^ jl-d .^^dsjd) 61—A^. 4_^_adilj 4JILJ ^ II ^J| 

^LVI ^jdc. d)l^ jl -p j _^j-ll dxj)'^ ^ i dA ^dLJLxil 

L^_jj_i^ j| ^—^JLkUl JjJ is~> J —A *Jjlj ^tiSjaC jl dl -^-aVIj 

4 a \ \\ 11 Cliljlj-sVI cLj-^d ^jdc. duicl A X 1 a 11 Lx_ij _<_u j LuArv 

6 tlC. j_i ^Ld J ,4jJal \a dl jl d-udl ^ I jAjj^d j <d/ddj-ll 

^Jc. 4 jLcVJ jl dldLdVI du^Jj 4 jljI^J l dill_cull jdldJ 4 ajJ| 

dLaAjdVI tlC-L-uJ La^ <4 jljI^J l did 1_coil Cliljlj-sVI ^nal 

jJLiltddl 6tl^J 4 -s. \Y\j . ^ _cdi^JI 4 daC 4 \ I \ a\\ 11 dldo-allAJI j 


^JL^. d)^l CS“ CUJ ^I L_dJjJI ^j-xdsyA JulC K k JII \» ^ < 1_AjJlC.j 

dj-^_C dUJLxIl 6JJ& ^ d>^dJ .^jl6 I JI j_aAeJI d>^ 4ju-u 37 


: j-Aj o-dsj-aU ( 


-LuiVI 


I ^d-adJI d>C- 


. LiLkJI £*jLk ^j^.VI did jaVIj jAjjd5Lll 

cJJLxlo 4di Vdi 

J^VI jjs -dl^ jd jlle jL^j| ^_a ^ IjVI 6^1 =l2lJI d)l 

ddl^ <6j^X-ll J >jj-KJl dl^la _lUdj jAx ^ 6 — 0 

“ 15JJ—Cg J)~' " i n _ A}— 

.f-i^LL J_2id ^jdc. (C'J ,, ^dJI (_^LAliajJJ 4AjL.ajJI J_Liu^a 1 sd 11 

9 " 

dldl DNA 1 VJ 11 d>° CjI aaC. 4aIjjJI <xl aic. ^js*i i^v <> J ij 

l^j _ djA^lj dtblc d)^d-L d>° _ claUI t ^ H h 1 Ia ^ AjA dh° 
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"’(ji/I dJLu^i 



VX-770 j-i 3_aJ-a3 f-\ jjJ jSbu 
(£jJ ^ya ^Xl SibJ < 4-iKLa t _ 5 i£, otluxj jl 
SLdJI cbjll lla -L5^^ (jbtJU 

jjSu jjjJI alj^VI dlljl bt CFTR 

JLl^j .Sjjjj^la ^_ajJ j_ajjbJI Caljb 
3oJbd jJ jKiJI J-ai (^J^l CaLbj-a 
CFTR CalJ-aill ^ CaLabijjbl CaVbJxa 
.^i aibai jfsj^bxi 


4_i^cu j-iC *La J-ijjl£ £UiS 

( jbjXI ^j-uaSJI t VaTall jya. ^3 CaljibJI o am"a 
CaljbJI ^LLal (^-11 (JJjl U& <Sjaxla j^bj 

^jj"''ti ji <(a) 3_bl j 4.1 ai Sjjjj-JsI CFTR 
blda jjSu :4^k aVall .(c) ^^bJI 3 li-dl jl (b) 

tlg-aSLal Laj n«% a II ^juj j-ai. ^Liami 

3_ul j^JI dJL-Jsl Jjjxa j Ca La Lb VI jbb J_ajai 
.3_aJ xxlII ^jJI 3 -m <i^1 Lau Sj-aju^aJI 


<Li Jj-u 4-ij.ajj-ls SU3 

b.a.b.1 l$ ^£ jjjjbJI CaLajJl p^lja £_a 
^ *UI Catlap jbaxu .LaVbaJJ ^jddl 
.l^ajla. ^1 3ulb!l Jbb ju tfjlaJI *Lbidl 

^-Lc jj^jXI bldll «La_ab_a JjIjjoJI djb ^jbaj 

pLbtVIJ £L*-aVIJ (jLbjJI ^ LaVbJI £jba-u 

3jjUI jl jXI bliaJsl j ^ "' ^ 'j .<_£jb,VI 

.jWL^JI £jlb ^1 lija.‘a"a ^ Laj a"a^ a II j 


VX-770 


jlj^L-t«iL> J^ju L^jli SLacaJI j_l2 ^_Lc ^ILJI j-o I_aMbJI j-bboj ^_<J 

dal-ajuY J^liJI J&illS SjjjLLd (Jj^ 3 4-al^l jJI LfrV\\a a 4\iVa ^_Lc 

g-l—Luidl jLira^a (jujjj J!iL-^ LaMaJI ^1 j__a 

j^5La ^jJ) 3^9^^ taunl O)j—4Kb (jSi^Laj .*^CFTR Slllll l 5 —fcj-aj 

.^.a ai^ll v 4 a.rill c-aaa tfa jl SLaUI £>S& 


jbj bLba 


j^-o JJ£. dll_JL^-S . ^_t a a \\ 11 i_ SjlIjLII jj I ^>.Ta J_->l _i_a ^jl 

LS^ 1 LS^ J^=“ ^_-u —<_oj IjjJI 

cLI _s_aj a _ <_ujJ jill ^j^Lba <_ul e_JJ) aC. Jjlc 

•rcg “■JJj ^a jijl-l-lil^ Cayjjfll JL^ 4% t>°j) l*A>ll 

Ol L j-^ c — (j^X ^ L _jb — ilj^l J— 

HJ ** 

<AjlUj ^_S J-a-a^lciJI jjJljJI (jxuJ ^Ajl^cJI «_a \ A a a 11 

Calljj^JI jJlcJj 6<L)lsIj-c CjI _aJl Jjlc Jj <<j( J 


Pathways to Trouble (*) 
the CFTR channel (\) 
alpha-1-antitrypsin (r) 


^Ji a \ a <Ti 11 ^J-ll J-a-L^Ja ^J| ^_»_a_aJ ( 1 \ \ i 1 1 i i j r\ 

J)) ^l^y^.1 CFTR CjLuJy^JI Ls J_a.C <_a j> I ->w 11 

C Q ^ II <j| . jl_3LJJ 1-^1_3)- 0 j X3t f((^“ L^jJI 


^_sL-jLlI^I ^_lc idel_<_ail jLo_cAil I j_a oL^WI 

jv a jVa j-a^ia j)b. ^_cu_a^JI c H ill 11 &lLaj j)_o i daL^^-a 

a^jLcJjJI ^jLsjlLs 1 ^s. a a^> LlLi ^j)F>Va daI jlauj^uJJ 

3 ***** ^ 

Idsj-ib ^_Lc L^LkJI 6jdi ^ujGJI (j(jJ dl—1 Jj 

. 1 \a ^a-LkjJlj < a aall <juulc^I ^j^Lo^.^ 1 J_cu^La_u 
LaiLkJI 6dj^JI <jlsIj-c jJaj J_adxj <UAjlS ^^IlI ( ji<uj 
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<Ll^jijJj Cal 


4_»JJ^I J^A4l> J>b1 llaj LlUA jj—coixj lauSJI » qU‘\lL> J^jLuaXI ^-u-ol 
(wU_uJI ^JLxJs 4_>>jSf| jl j—ifc .4_ilxjJI ^ <L_*_uJU 

. MjLIj Li y LAul ^ j4"u<i ^ujLujYI 



-36 


T 


T 


1967-1989 1990-1994 


T 


1995-1999 

P - 


<Lacul t -\jj 1994 

dornase UJ1 jL jj j 
ju^oJ ^1 alpha 

AbL-u i>j 4jjJI cjjUo j 


j^Luu 1997 

^ >i^JI jLAaII 
La jj 

tobramycin 

I ^ 


-1- 

2000-2004 

L ~i 

c£ih1 2002 

I (LuiUl^d 

La^lj ij_> ■■ '< ii 
5 j»II >»" ^i 

Sx^y j-ubua j< > A i 
^ ^JbLl 

• 5j VAI dat—»VJ-ll 


i 


4 

32 o 


-28 % 
J 

24 ], 


2005-2009 

- 


^j^jJI ^a l u 2009 

Lilnji j* jw 

*L*)1 LS* 
jj Vit,l oL>V>11 
(j^bjXI < 4 JlSJ 

.1 jSL> -1“' ^ II * AJ 


. 4^»j I_JujLo 4Jj^ | lg_L> | <j>_ 


^LujjjJI 6-° (31 J>^aj (3^-aJ-l (>oj 

«djlj ^-L=JI ^ _2 jJi_cajJI J.LJI Cjl j SjjlkJI 

1 dc H_L^JI (jl J_ >JjL 4_jJjlIA j 

I jJj . L^jlo uJJ_ ILL I (J-oJlII c-l Jl_i I 4 J £t_o_<_uj 

4_ajI j_o 4 jJ1 1 JJflj_caJ ^JlII JjLJLil ^.JJj JJ 

^j_o £_<_ulJ 1 A L L^.>j>JLJ ^_3 4 -OJlJ 4_)j|j 6 JJJiJI 

. l^I^JL-o J^Lj 

3 

ALj ^ LljJ ^Jl ^Jj—5 ^jJI cd jiLJl Jjlj j 

<Jjj) ‘ 1 ‘ A 4j> «_u ^jlC> S^Ju-oJ CFTR j/A 

l JjlIjJI CjVL^. A lit 10 ^yC> l_aC 

6 J-A J ^.1 u-U caJJ .^JLsJI oL^j) -tnj^ll 

<W1282X _t_all j) ^j) <<jl!jl^JI CJI>_lxJI 


4_<^Lk. 4 _>2L*_o 


lLaaj <_ 




ixJI 




JJ (J^Jl^-LJI ^j| VI ( I _o>a£, rr, ^j>J 1 ^ 9J^*1_<_aJi> 

<_iL-oJsl CFTR <jI>j ^cjlL! <Lo_o_<-oJsl jj jil ^j| 1 >\ \ \ 

^_1jlJ .6^j1sJI 6J-A jJ (JJ tti\\ J£.L-<jQ JJ <6^j1sJIj 

<JLoil ^t-O_ <_<jQ (^jJI ^)LLsJI 4_1U. ^IjlO j2^. <(JIjlII (JjLJi_<_U 

CFTR -(^l) F508del CFTR A I \ \ ^ 

L^jlj j~c ^J| JLsjljVL» (F508del 6j11 ci ^2JI 

(^jlj (^lj_i JajL^j Ldli • 4 \ \ 4k 11 f.\ _Ja£. ^yuJzi 

<JUlLljJI 2h° 4_^_t_ajJI 6j^J ^t_o_ town L^.^jLLo SLIjJI 

Jjjl4^1' £y> Jjjil L° 4a. 


ijy (j^sj-ll I J-A CjVL^. ^j-O <lil ^^J 40 J- 

C/^jje r' —_^1 i_s— 

4 11 CjI ojlLlj \ lA^- 11 ‘ Jj 2 jlo 

o I Luj^)jJl _Jud 4 jJ| J \ 

^J 1282 ^A>il _A 4 juulo^I ^j-iLa^.^1 -U_*J 

^ill J-^jil J-Aj ‘^lliil ^-Jl^jjJI ^ 

^j-jJI ^julo^I 4jiJ _cuJI <JLiJl ^J A'\\m\ 


(**) 


SjXrlj 2 ^, r,ij^ 4_iijjl 


jjljUL*JI ^j>LuJ 4-L>TJl 4 Aa *II 4_lILlII Li 


oLjlLljJI 6J-A Jjlo Jjj . ^(( W)) * 4_l1I jyy ^J 11^ 

^j <nonsense codons ^ \* tl ^ - ajjjlJI j-aIJjJL 4 
Ja>j-L tpil\\>> jlL 1 ^jMil Jj^-LuJI ^_S Li_<_uL^ 

( L J J \ ^1 5JLJ1 ^J 2>^lj A^ill l X 9J-O ^ A 

4jL^|> .^1 >*21 J aJ oLdjjjJl _djj 4 _lLolC * La>15 

RNA JLu jl>\ ljjJL <jjjjLil^ 4 \LjJJ oLjlLuJI ^.4^ <jilj 
L$J jI^jj LojI ^ 4_J_clC <A.jj (^jJI (messenger 

" "9- ^ 

6jl_Jul ^ 1c. c_jiiuJl I jj ^JL^J t ( ^ \"\"\ 4 4_»j_(_u jJlC L^| 

>2 

^jJl ^j^JijjjJl _o 4 _lsL Aaa^ ^Jlaj J^Jj <1_a 4 _^>j l_JJ>J-11 

oLJLil ^ L^j jj ljJ> . 4AjjlU j f-1 j i ^Vl jL 

<jLci ^1 ^—II W1282X SjjItJI c ^1^-3_ lA ^iJI 4 _A!>jJI 


6 LL 


S j i ^1 


1 JjLiS 


k >° ' 


Fw 


. CFTR I ij^x. ^_a A\\* a cj 1 jixU ^j£. A a~^ LI I ol^llll 

L^LLuA) c_jji _<_u_» F508del 6 jJxUJL ^jjJI ^jLlil 

^jLJI ^■<.it & 11 k a \ \~\ 11 ^ Aj-q aa^ ^ cul^JI 

I jL .<JjILj _3LJ ^ 1 JI <jj JAj Ik ^ ^ ^ Jjlj 1 ^ \a 

F508del CFTR ArLj^-ll &j£.l_ <_<jlc AjjA^LJI ^ILlL_uI 

Steady Progress (*) 
PROMISING DRUG CANDIDATES (**) 
tryptophan (\) 




. <_ xjullsxJS 6 J-^.1 > 4 1^, til A V £j\~\ 1*N A 

uA ^jJI Jjl jJxUJI Ah° 6^)JL^.^fl Ac J) ^^.11 I_o 1 


aJjiJ-cu-o ^ 1 A jjV 1 CjIjJuJI 6^)J_J (JLaA ^^_a La 

" g " 

^_sj .jaJLJI ^ cojUI l jjJaJI cjVL^. a>° 'Ll I 5 Ah^- 

^1_AlxJI < _ jL pLjj JJ l^yjkJl 6ulA t _ ojl) <^_jl>Jl 

6^)JJ JjI CjI>AjJI I_0-0 ^^LsAVI 4 \A xAj LjJIc 

AjI .4jlLJI 4% % % 11 ^Jl j ijijJLJI cjLj-»i Jjj ^ lc 

(G551D ^CJj>) AAjjIsJI 6j^_i (J-aaA ^iJI Cjl^AkJl ^J_ 

Asl jAyA A) I JL^JI .6J-Alll 4 Jl 1L ^Cl ^wn\"\ 
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j&iaj 1 a « \ (jSLaj 
4jdlj*a 

6' 

V ^dLla ^j&a 

<^cojl 5JI v 4 lL'JI 

O^ixil ^Mudl 
u^ku! ^ 

ma 

OUjIadsI ^ 

* <3 


^ 1c 6jd_sJI Cu_t i I ~s.2 d ij 

^jjLAJI &d_A _3 (JXI _3jlL1I 

^-i-Aj-ll ^£dJ Uaj)^w 1 r> 1 \ A n V) 

<G551D 6j_3kJL ca-^L^I 
JI^La 6 jLsul _cuVI dajAa_t_ulj 

_<_ul ^_ill <2_call 

^-3 dlld 1. a < i .4-cu Jd-ll 

dalj-o dd_C 5_ lgj&VI 

<dat j3dVwn J1 Lr ^ji\ JLkdl 
8-7 Jjjlaj ^dLadjIj 
(<jj>) L-2d^1 . JLJajI 

Sd Vail da La Vj-I I ^^-3 (_\jji»> Jj I 

■ o^jl VX-770 J jJI 
jx2)1 Vertex j_d> ^jIju j 

^Jl LlIU (2011) ^L_*_ll Ij_a 

ijj *.^>^.11 <AjdJlj pIjJlII 6j)j| 

daljlfaAVl £C—2ll2 (jl LgA .Jj-call ^^.3 

^_o 4 ^jLcjjlo VX-770 JjdJI ^j^JL-uj 

LLaVl 4 _s_oL^. 2)1) • 2d-C-lj gjllll (J-cl 4-3 j la jxddj 4-uljd L J_olj-C 

^UxU ijjjj—cJI .-jjLdl j^lj^ Oa.1 ,j-ft ^—3 

^ J»3 

2)-o JA ^ddj < Vertex j PTC Therapeutics LAJJu l$2 jjL ^^jJI 

. ,-\ \ r\ A^*>*a 2/AaA^) Anil S^j^-dall <^jujA ^IA>^ <jj)> 

’ " ~ ** ^ J* 

LA f| jjuA LVad dal_culjjJI &d^J 4_aj_aj_call gjlllJI d*2 

ujju-uJI »_31 s^juuui <Lx_tijj-LI 4_i2>° dd£. ^j-ll JaJI 2)1 

2y0u-JI Calj ttif. (jxujii Cv n a >. 3 jl 

Iwl^J <Ju_uLcu^fl Ll^^JjjuJI jX^_3 l^jLilc 

<—ciju-uj-cj <_^-olL! 2h° 2h° J-^ 

4 \ aALo 4j^jJij_<_u CjLcjjI jJ cJLlA 2)1 *_3 \ \'\ 11 

^Ac. L^juJLs_3j CaL^jll 2)L«al 2) ° J^tlU l^-Ajjla ^3 

Vjl-3J cALlA 2)1 VI ^il 2)-° I 4-Cj^ ^_3 (JjjlsJI (^J-U 
4-^JLx-a ^_1 c 2)^jJ^ I jJl^ I 4jl 3 2x>^-a I J_al^ILo 

■ .JL-olsJI ia^j 4_JjJjiJI (_a 1 w mV I 


- SjljjJ-uUJ ^xlj-3 - 

Cystic Fibrosis. Steven M. Rowe, Stacey Miller and Eric J. Sorscher in New England Journal 
of Medicine, Vol. 352, pages 1992-2001; May 12, 2005. www.nejm.org/doi/full/10.1056/ 
NEJMra043184 

Managing Cystic Fibrosis: Strategies That Increase Life Expectancy and Improve Quality 
of Life. Malena Cohen-Cymbericnoh, David Shoseyov and Eitan Kerem in American Journal of 
Respiratory and Critical Care Medicine, Vol. 183, No. tl, pages 1463-1471; June 2011. 

PubMed Health on cystic fibrosis: www.ncbi.nlm.nih.gov4)ubmedhealth/PMH0001167 


Scientific American, August 2011 


— 2rCjjJI I jj& £_<_u^j 2x3^ 2 y> daV-sVI 

2)jJ 42 jJ I 4_3jlUj 2/_<-jj_2>2aj Llj 2>^- 4^3 alXj ^ IJI — V J_^. j_Ij 

<J^ Lo c-a^ <j\ 

iiliJI ^ 6J ^J\ <^lj^ i-JI > 3 F508del CFTR 

421 VI .4_lol^ 2)J_ia 2)1 2>^ I 6 J_ulj <cj aj» It dll J_1 

(^yLS-o <_a^^)-o ld| Lo d_ad^2a -<_aJI 2)-° 

.4_aj_tluJI LaV^JLa ^-UJl ^_3 ^ \C- 4-a^.llll jLaVI c 3 jlAtwj 

CalAj-^J^ ^_3 4_3 jl. 3TJI dalj_JCaJI ^jjjLl3 2x>1^-L)JI ^-jlUj _i_u_a j 

4, vlA. 11 _ l!o£. ^jlC dJj.^.Ti dlaLaj-a^fl jl JjijijJ^JI 

■ 4jlA.ll ^Jl fluorescent A-JAULa cj!_1^2^ 5LI_<-<j 

^)1 3a 1 ^j-A^jljlJI J_*_» 4 \1 A11 A _ uj£. ol2j_»^M j 1.1 ^>.2 Lojul^j 

2)1 2a^.LJI 2)l^°La 2 , 1s <4_i^.V-c. 6d2Ls I j 2x3^ 
jAa a dajl-3LJu_ul Jd 4,lli*1.1 CFTR 2AaJjjJI 2 Ll3 2)1 Ij)^>.2Vaun 
(J_i-^lj)T \ a n3 ^LiJlII dataJ-»VI dtAArxI Idl^ . 1 Vallaj 

4jJVI daLaldlll IdLojd.)j .4 j_1cLs I u-a^j-o 2)^ Ad c^A\ 


2)^-oj drug screening 0 ^^3 4jjj_^LJIj 

. 1 \ \ a n\ j \ x^>3 da-3j ^_3 da L^^ji. I 2A j V-^ J \ 1 

4-> j a 1 1 4_ jLajJI dal^j_du ^d_^.1 da-L-o^a d_ 3j 

VX-809 ^ J! Vertex Pharmaceuticals 

** ^ 

^_3 a 1 ^ 2)-'^" djp 4-a^Jj <4_SL^^_i-iua 4_2dJua 

.jLl^VI ale, 2) J d-ll ^j-oL^-duVI (^dJ 4 jij- 1I C_32ll2ij 

daLJjd PTC Therapeutics 4^j_dL dlll^j 

c-u_<_u 4^JLs_l mtaluren 2)—^jj-H-2l ^dj ^1 jd_1 4jjjj_^ 

daIjuTy^-ll 6j2LJI dal^-sTJl jJfcj < Lcjju-L Jd I ^ a n aA 11 t 3 \h 11 

2)Cj^JI J-aS_ ljjj 4jJ| £ _3d_a ^Ijd_II Id_A 2)J -CFTR 

M 11 aAU «c 3 l.3^jl 1 I)) daL ojlIjlj jA>^ j_jC S^l^ydJL j_ala_<_uVI 


JLaJJ ^ijJijJI ^dldlLs daJ^KII da 1^2-3 daLajuiJi^a-1 ^c-ou-oj Lo-o 
iaAljjj daLaljFi aAI 4^JL»_l ^IjdJI I d-A jtA s Lo^ . j \ 3i 11 j 

lo£ 4 jj <_u jaL stop codes ^JLLal dlj-Sl 2)^Aii _Al 

^^-LAxJI Ji^JIj < Hurler syndrome j_JjdJb ^ 

. Duchenne muscular dystrophy ijLuj jdJ 
6jdLJI Jal jj^JUsLal ^_3 ^-allaJI J aA 3| ^-1^- ^LoAsJI J 
^1 4idlUI dal—a^^il 2h® 228 000 jLfiAl d_^ .G551D 
»—1» A^>J d-ajjJ^ dal^ad ^2JI LaV-AJI ^_3 j2jj 2)1 J-AL^_a 

LA j_o Vertex 5A j_A ^ 2/2-^ LA I 2x° ^-AddAI < I 

2/-2 jj-AI 2l2d Jjl* _Ja2 ^_3 ^.22 ^2J1 4dlUJI I_uldlSl Ji_3_» 

50 ^Jl J As~t A ^_3jJAjJ1 JdVI (^j2_ jujla jAj_» Lo j _Aj <CFTR 

<4jjL^->1 j a2A 11 ^2ll2 da2lAJ .4 \x \ aT>ll dataj)2 a nil 6-° ^>1 ^ 

,<LlA VX-770 _ all ^ji\ I jA (jVI. J 
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4_i_uAj2x 3-°JjdJ^ >3 **^ ul> ^^ 

^ * 6j t>^3 C5^ 4^- “L6 

CjL<-<jI^)J 6j£. ^_S 4 jlo dull]) (2>^l 
djL-cul^kXll 6d& 4 jljLjlo 

4jloA*AI Jal_cuj^fl £, -C\ jiJ ^j 

•4?^ ^ 

J^-ol^ILo j_ a Lac ^lilllll j_ 

CaJlSJJ 2x 3_^ I_a_>j — J_^3-a _AuJ 

.SjjJ-ll Jj—la 2x3—^ L^JJ 4 

Jjlo j_duJL 4 slaTll CjIjIjljJI dudj-ojj 

^jJI ^j-lLxJI 2)J-dl £jA Cil—JULS_ cujlII 

4jljIj C_J I J-aC. J^-Jj-S f’^ 

2/jg [(j^n jL ^j-^] a j .l> 

Vj ^Lp.^1 (j A a t ^ dd^-J ^Ijlll ^jl 

<l> ^daj -c5j-^' ^ 

dlllA 2)1 :4 jlS Ijj^Aj 

d^LJI £-Jlo^. ^_S 6J-vi V ^_S ( LjLcljp 
((.Cilij^l ^^_s (jxuJ Jj^gJLj 

lg_> <dJ j liK^> dl cajloj £_oj 

tfljl culjj ^^1 dlx> <1——II 

j^VI Ax3^ i3^l£ LT^ ‘^ixaUJI 

(^J • (_^j I --S cdxAjT I -0-0 ^ JI 

\ jlllll ^jl JsTaT <4 a ii<>\ dxSj-ll 

A^j 4^41 6^ c^J 

^_S j t ?n 11 2/-* ^Llo^ JLa-oG| 

JAj . l^2L_ul^d Cj I J-» I dJLO ^-OJ I—<JLO 

Jjlo J_aJLo ^LuuSJI J_<_aj I^jJ I ^I duj 

.jl7i \ 11 (JLt^ajVI JaLcul 2)_o 6^yJd 

■ . * 3j)X lui^) I JJ& 11 \ 1^ 

androstadienone (>) 
propylene glycol (Y) 


- dJljjj-uMl ^-a.lj-3 - 

Menstrual Synchrony and Suppression. Martha Mc- 
Qintock in Nature, Vol. 229, pages 244-245; January 22,1971. 
Pheromones and Animal Behavior: Communication by 
Smell and Taste Tristram D. Wyatt. Cambridge University 
Press, 2003. 

Insect Pheromones: Mastering Communication to Con¬ 
trol Pests. Margie Patlak et al. National Academy of Sci¬ 
ences, 2009. 

Fifty Years of Pheromones. Tristram D. Wyatt in Nature, 
Vol. 457, pages 262-263; January 15,2009. 


O ej ^j-LJ <j£jl ^Jl ej ij-oll 

j .JsiAS uJt_ jJ-oJJ iiillll <_£.j) a 11 

^jIiLlJI a Vi s ^oL^_uj| 

Lfla <£ J 

t> LS—^ U-^j "' ■''.' fd*1 

^ \ £\ 11 ^jJI ejALa^ ‘ '<* II 4 cuL^. 

. (JAI \ 11 j ^ ujlj»^T A<tl 6 ^)Loju-uI 

4_<_uI^jJJ ^jj)* A^L^kJI 


(djL&t juJj) 57 iLiAuzdl *Llu 


I j It a i i 


,K aV.VU 

J) aAjJLJ 

jLl^^fl 6j-o (Jlj_Li (jA ijr\^.jA 

< _cutjjJI oj .jdj . (< \\Tj 20-15) 

4 a nVi O-SjJI cA aaVi 1 ^ IJ <4jljLjLoJJ 

J->J) A^TlI (Jf\ _J J . ^ 1_OjJI J_>J) A^iS 

4_a^LlJI ^LojJI ^_ ULjlc (ji ^_ jla-ojlII 

<4->^-A^ajJI CjLAojlJI^ 4 cl^.1^ II^ ^LuljVIj 


Of' 


aJI, 


aTTIc^I^ 


. 4jl» 1 \ \5v 11 6 ^ I_a_u*2 I ‘ Sji I ^_ 


-A^^XJ 


I IJ-A I 1 <dljT \ K<! j^TaTj 

L I J-Aj jjI j-A 

.^j-ojJI ^j-o JjA 4-ii 

^jA.T ^>. L> ^_c <dlJ)T \ K<! j_OJ[ I_UJj 

CjLjJ-OJjJl 2 4_iLjL*_i JlU-diJI ^j-ij^.1 

^ j_cLJli .putative «3_ui jiLa)) 

4jljLloj^JI jl ^Jsl (j\a 4 \ \ \ a i i 11 AjIa^LxJ J j 

L^TLd ^ 4_^jJ_ <_aJI oI^jlxjJI (jyj 

V <£ _si^Jl j .£._jlAc _AJjU 

^jljll ji) Sjl—LI 4»j\Li ( j^q j—SG j ^ji 

<dJ^ L-^l Am^ 4. \ \ aajlLI 4ju>1 \a \\II 
O-aLJI Cjlj(jJ <^-L<-^^fl 


.4_uL loj^JI CjL^jII 6J-A (jj^AmT \ ^jJI 
iijj ij^xj 2) I IjulLo) a7ijS1> 

L I j_Aj <4 _cjA*_LI ^rJI oljUVI 
LIlo lli^A 2x3—o' f j—^ 
((. 2 /T-o L-u i ^j_Lc 

. g.^ 1 II 1 j_a <djIlKlo> ^aI^j 

L5-^ -“-dl ^ —^Jj 

CjI^)LAjVI 4_La-OlLo 6 jJ) a^i ^ A AJ 

ej^j-o j a4JIxaJI 4AjjJlLI 4jljLloj^JI 

. ^' } 2)>UJLlcu^jj21 ^.C Jj aai 

(J Ls_a jjJu-AaJ I ^^2) J d I IJ-A 2) 1 d-slxT 

: Lij_tlu LjJ-OJjJlS 6^)1 nC-l 2 )^ ^ jJ 

6 jl ajj| jj-U jjjul^ *t£j —^ 421 

O^JI L-dUoj^ 

(JliLLj .dljJ-caJI ^J aAc^I L_s2ll2j 

I 4 I 0 J cjIjTT lI OA_ laj^ < 2/2 _ < - u 2 Ac. 

2 ) I JjT a7iJi\ l> j <dlj)T \ K<! o> I^jlL^o 

<dJl^dVI IjlAl ^UJI I1 

d>L j^-O^j^-A djL>J^.Xi) Jjju I (j^-OJ 

. ^jA-alxJI cjijLijJI ^_S dsljJLXJ 
d aojJ 4 a A \ ST a <1 o 4"\ ti.W 4_cul^) J ^_Sj 
<i_jj_S U. .S> 1 T \\ ^2x3 <dj_IlKS-o> 

jJjG _UJLi ^^jljJI 4_a_ol^ 2/°] 

d^2)-° dsi .^)2>AI 2x^^l2-cujjd»VI 
J^Sj-iKJI i _i_ijALi 4 jlo j_A^ jLj| 

2^/1 J ! 1 <j-^ b ‘ (T) (ld 

.illj 4^2ilj Jj —^As ( T Lr^>J Jaj^aJI 

2/TajiJ jdAl 2/2 c.J) O i I dv A^ijJLJ 


Scientific American, October 2011 


: i^yUjl jU=J«l fa iSI^, 

— 4_o^>Jl jlj 1 — £_2xydlj j^< - i\llj <cl \lmll oljLoVI 4^j_d :CjIjL^VI • 

4 ^j-aiJI :^yAjj^2 • doUll — £_2 x>AIj o*^ldjll dijjJI 4 ^jdJI :2 hj-^-jJI • 
— — 6 X 0 . — ^_ 2 xydJ do 42 :4jjjju-axJI • ^ ,^.11 d_td^jJI 

^-d-oj — dU-^kll £-2x32-1 dj^J-i-uJI 4 jlJjaJI d_AJ_(_AJjJ>I I Ljj^4-AJ • f UJI 

l-i 1 m J )V I a "i 11 1 11 10 ^ Li^nifl ^>.J) y S d^JI d^ o !|jl /tfc # 

d.jjJI — £_2xydlj j_dl!l j dU^^JI j <_cIjlL=lU dUHI jl j :jl^A • ( jx»j2JI — £->2^111 
:2jLuJ • duj^-ll — diej^llj <^ill £_2xySJ oj-dll 4^j_tiJI :Cui^SJI • 

6j-AIaJI — £_2xySll ^Ij-A^l IjuSuGt • dJjJLj — dUj^lIj >-Si^b t^ill £_2 x>A djldlll 

jldl :J-uJI • f-\ </>\\U jldl — dl £_2xyTll 4jLdj_tiJI 4 ^j_2uJI :ljjaXI • 

. f- 1»\ < ^ — £-2x3^1 j j < VA1 dijjtJI 
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Jtlajallat 

£ll<0loom 


2/1 28 jiaJ.1 

2012 /j^ 


«sn 


jsJUJI 

. Zil/xa. Sjjlj &LI&J iZiLcjjj jk> jk£ 


^ (j-dJ <j| Jju . Lo Jjulr^. ia cuj-o <c_kL^. ^j_o Ik AjIaLII i~i 

^-ctAi3 6J-A dilj ^y£. -cudj < Jd^. I Lo^jj-ckk V SjJJLi jlu] Lo^J (j(J^ <kjj J I 

4jXUJI \x 11 4,^,u J1 ^ < ii^j! jlJlj LjlkJI ijJoLLll^ .(( jjlj Lo))j (((Jjl^ Lo» ^Jl ^cjjLlII 

. Ljj-AIjjuJG LjlILl^. ^ JlJ <j-° I I jj ^_ a World Wide Web 

^.LWI 6J-A CjI kl ^j-o <J*_culjJI £jC. I MIU i <1 ^JlII <Ji CUJLJjJI <-JIVlI 1 Lo 


^jlk jJ I jLo Si_jlj-cklj jd_kll llx_aj ^JJ JjlaII cuL*J| _3LJ^ Jj. 

& J_2j V DNA UuJI ^ (Y) 2-iLJI j_a£ ^ All 


-cal I (J.O S JjlI I jd Lc jJJLJ ^1] I £^)5Ld I ^c_JLcOJi cu I j 

.^Glcu L^jI c-Sj-xj UVsIj < L^j 

CjLo^-^JI j-a^i j_cu olj 11 Ciklld jJ I jk SgeiieS LuLll^ iil3S 6jlcV <^-caj-o &JjJ^ djtukjj jlks I j-ck l_Aj 

j^iu ^iJI jlliVI ^ I jl 2 c ja <: cyberattacks ipjjjkMI robots ^oVLukl ^-IjuI ^ Lku j — ! I jlc <<^jj — ll jUI 

u^j-°f • 2010 ^Lc ^IJIj jaJLsJI jj jjlSJI ojLsJ l <1 slU l2j_^_<_u j I ^ jj oLiLalll Jj 


(**) 


O H ol 

4oaJ 


scoreboards ol>L^)M Jj-% ..r> joysticks ^‘v-vlll ^ .^r. JL^jI jl 

.JuslsI Luljj I'lln -% < (^jJI -Ljiil j^L> d§ LVtt'i jj ^Jl 

.J> 


(-1 \\\A dLj-cuU. ^Jl Jb^.jJI J^C-CUJJ 
.^LloJI ^Lojl^.V I jl JjlLcuI ^J^jlII 
j^-UlJ dbt-0 (jA_L°l JL !l Jj)X^Ij dljjj_c^ clul^ 
r (r) ClljUUlS ^jj—ccUJI 4 __cLLl 

4jlj bf I dill 1 cuj ^j£. 4jL^.VI ^ JlS 

. U^j jki (jl CjI—cLclL^.^) Jilk 

4JJJLM 1— JL. u—cul ^1 Jjloj 

SLl^JI jL_LaU sales quotas ol * \ i^ll 

<_c±iLc±dt ^kj ^.."01) life meters 

£jlj ekkod <JL>k»-j*21 Jjjj.11 ^jxikxjJ 

WORLD CHANGING IDEAS (*) 
The Game of Life (**) 

robotic Lflaj ^ cw^j :robot ill_(^) 

. i-J Lt-oj I 
junk (Y) 
avatars (r) 


Ikkj ‘ ^ ^ ^ a iS ^ i d t . ^-s 11 1 < \ \ i <«l l , 7« I I 

10 <Ju_o1j jV<n\ ^j\c. Jb-a^L^JJ 

c_Sj-cu .^jlUl 

jJL kijL^j V kJ-tJJLo) ^C*VJ> CUJ 

4q1UII - mV <*l"blr_ l q ici-v c^J' 

Jj| jAILj ( l,fr tic ^jallll dlj_CUJJ ^jJI j 

rdLLjJ ^JjjJ ^ <(dl_Ij 


dU1^4j Jilk <a.jj ^Lj— cu ^jjjd Lo£. 

dblkcub ^ k nl dkk^. Sjj-Q ^.Lal k-L-c^ 
jLkl ‘(£ji di kl_ ujjaIL 

<_Clj-OJ ^jjldJ jJ _ccoJI 

jj_ck_cu j . dljL^. <-o_cojj dl_Ijll 

(-1^JJ \ bj-c^b hlL ,^kll dljlj_cul Sluujji 

(J^lk C/kj-& dJj Ljlcu I i ^ kV\ 1 dkljjJI ^jLi 
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(Jj_1 -AaJLs ^_CUJkJ CjI_ 

. L^jIAjd _lc SjJaJi_collj ua 11 ^^LlS 

j-dljdJI JVJu—<-ul ^ —ldjj 

((. jj)W\ 11 J_ xAj LjulS 4_uld-ll 

6d-A JV-Xj _cul ^jl jii Vill £ Lalc 

jJ Lo^ jJ»_JoJ 1 \ U S ilildJI ^iJI 

lillxiV <j,j-aVI liS 

. I ^ ^J\ A S 

ejlxJVI ^jLi lJJjIxj <Jji_lL> ^j| Jjlj 

<\]r\\ ^ £s J JJLJ dd L ji^ IjjL^. J-OJLJ .^lll 

Jj AauK C ^jIIj Jl ^djij -COJ 

Jlil]| <JlS £ clu (J \V\ till ^_4_u! <bd-l 

((<_ixlll <1_>l^_l) J_& j VI <5 ji_II 

ajxA J-coilj .gamepocalypse 

( yuu^o J(J) ■<■<<*>» ^Ljd i JJj lo£ 

<jIa 1]| 6dl_2j (j-Ujj&jJJ ujl_xJVI 


Global Positioning System (\) 
behavioral economy (r) 


L 


j>j 


jlu Jj & \ — j (jl I — \V\-fljq 


jJl-vjj ^jxi! _ill £_Sd-i (£d_II £-dl d-ll J_A 

jj_oVI ^Jc is^S-ll dlli jJaJj IcldJ 

(Jjla < Ldlc ^Jiillll LflJlo J_cldJU V JlII 

jl dl_o <XjllLo j| <*|jd JjlH £x9j j _SdJ 

((. idLL sJI dl^i^Ju-ul 


^-^IjJI ^JLsJI ^1—lij o^Jj 

I ‘ xliaJLi (JI^La ujlxJVI 4 utn La ^Jl 
.-HjLj ^Usljj Cdljlildl idL^ij dj-y~a <j-a 
Lxjj _i_u J! 4_>dxj idle I cJ-HaJLi 4il 

<^jIjI^) .R> jJU-VjUj .4 a Vi CjLcjIxaj 


oUWI J J\ [c^jej-^ 1 c^l 

j_ lL^JLII oI _cjJj _ILaj)) <i _!L*_l!l 


<iallllli ((.<ijLj| iij_tluJI 

Lc jjl_s CjLsI^-c Cj_cujJ <(JHil (Jjlji_ jUJ 

^.Ullll <_sJ jlj Sjl_ C.y <J 

j .6^1 a^JI CjI _ojixlL 

5_ij_ lIuJI oLajKH)) ^jl <^jl_ j)j> 


( _ 5 ^1 jja —ji tJ—JjJ J—<(l—«4>^$ 

dl_ jLo^-o ^ _1^. 6^1sLJi_ ujJLj (^jJ_sJL 

. 1 ^ \Ur_ Lo jj | Qjfc u * 1 • C '- JL ^J-i-ll 

(JjL^ji_<_U_C Li^Sj V 

<_j y^j dllLi^. CjLo-cu ^j-c <Lo _i_u <jlS 


<Jju_L J> <JLc I j_A < (—\* 11 L> _ <- 

(iiu-%. LJI j j_ jjjlSJI ^1_xJ i ^_o a^> 

icJ <<j| . JlJj< _S-OL 

t^jitill I ^Lalcj cjl_xJ^fl 


^yC L_kld» £-C\ \: 


J. llill ^—xIjAx 


< ULUl J-x-Ol 2 I (J>\_ilal^a 

JLkjl j_A ^LcLaj j_ j^I _ jJalJ 

t 2 \ is*i \j .<jlcjjJI I_ULl^ ujLsJ^fl 

J* oUWI Jl >ii :<Jji uj> 

<<AJlL^J1 ^_2 (^juUJLO J-& I 1^1 

^_S IjljIjJ^ I ^jlUjjl! ^Lxjj_<-u <lL)jia 

4 A A < ^ A i^JJI oilS Ijlj .O^I S > 7 ,11 

iK- UUlA I J-^jl ( j-< I J-ACi. 

dLolilj jjuJu _O lf.Jj ((il^JLoJU_ ojLj 

J) J <jl 1 dl_ oLlj jl ^jldxJI 

-Lu_uj^fl (Ju _duJI olclj A^l dl^ 2 

.ijLJjj^^JI dl A \2j| 

^ \ ^ i ^ I < ^_JlLlJU-UJ O / M a 


CjLsJ^fl J < L^jL^^. 1 J-O ^Jjjl_ill ^j-O 

^_l£.Laj ^.Uslj <dlJj J \xau 1 ^j^-ol^ 

^jxillll (Ja ^ \ _ LJJ — L-^LJjJuJ Li — _^.Ls 

((.<JCo JclilJI ^j^JLCj-i 

4 JJlLI ojlooj I 5 OJ 

CjI^LjuJI _ujjljI <6J—A id id^JI 

ij^liJI ^J_Jll^JI ( J—0 —dij 

bdl ^Xl ^Ualu i^-^J>l 

c 3_oiJ| 4 ol f 0) (GPS) 

. ' djlllljj _UJ lx_o 4 _Lljljj_o 

j-Aj] < L ^jl .D> d>ajj 
d^Jt-o ^ (r) ^J^I Mill dl <^VI 1^ 
^1)) :[(MIT) ^UlU M ,n .n^iiLuL 


1 \\ \a\ <L±jui 


CiliLuJI 6dA 


J-JLO^. 


^jJI dljJ caJI JaLojI <^d—iJI ^j-o 

VI L^-uLil ^ \.U^ UM ^jl_(_aJI 

A wAl^lal ^ _1 I^-C ^_s jl it^jLsJVI ^ _s 
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<jJUI Jj <4-iVjJI _<_<JLO A 


<Li_ 


^j-3 (jf\_akjllj JaLfllLOfI 6jl_ijJ 

uIj ji^jLc^Lc (jxijljll ^£j^J ^_a clh°J -4_4tl 50 4_i_ (_uJlJ L^-ol _ i-a^l 


< cj'—^j > 6 j^j .<lA 1J ^—a 40 
4jjLHt_ul <liA ^Aj] JLjL-ujj^ljI 
jL^_J A^ill <i_iLcjJI ^jLxJV 

^ui^JLi-gj « aAI^ lal <^£j_ij_ t -‘-» *-JJljlU)) 

Lo-o jtlSi JS _<-L ^_le 4_JeLaj 

JiC 4_nAj_!Li ^ aAj-II _(Ju ^J>c JlLi 

. 4 1 ll"> Ci 1 3 L<JjlL_u I Jiff* 


Sjia !_)1 juu I ^jl» :<Jj_lxi> 

J£ ^ ^bJVI < , ,m j U Jl J^UI 

(Jj — ^Uaj JjlSj JLaJL J 

oljISuVI ^j-C S^LlC 

JS ^_a cjLa L-AV 1 cJ_A ^_a 4_LllL^ll 

L^jlg J$j ((• J-i J-^- ^jtl~\.A L^jlS jgj i i 6j-o 

. I 1 wViq HjlcIi J < Aa I l\lx Mui 


(IjJ \.o ^Jj 3 <CiLijJjVl J^-UsUlo 


0 “ 
4_. 


cHj 


<L 


■%Jlj < 3 ^ 
J_^ JS-A^ 




i! <4_uIj1jV1 


\ \l \ . 

v^iLi ^ 

C3 J 


)l J -O (JJJ 

o^. 

a — ^yul- 

<-^J 

l^jLJI 4 1 -A 11 

LjJi_ <_oi 

,1 4h° 


jj^fl jXJLAl^il 4 )LaJ ^_le ^ v '' 

^Jl JUaVI J—jus <4—jI jji j— 

< 3 ^ JUJI J-A -LI -LUJLO 

I4a 4-il J_» jjuij .j^JjlUI ^1_x_l| 

CijLt-^ oljj- <-u £_Jj| Jjl 3 g.- oLj^jJI 

Iclibjl uji L^jj^ I 1 ‘-J* 1 

Cilj—JuXj l^-i^Ua CjLcMc Jja- uu ^ 

CjI \ aAIjjJI CjIjI_JlL ^.1 CjI_ 2 *.j jJI 


LT^ •V'“ 


« ^ 

^_a j—jLJuaJlj (jx>—alll jaJLc (g IjJI 14 a 

3l < 4^ J j •® > , - j ^_*J^I 

_(_uj 5ju_o4j CjLJI 

.4jlcjjJI ^Ll^JI ^ n Vj 

CjLsI^-II J .JaA^ J \ \ yjU 


jLsJI 


\^ \ 


Jaj^JLJ Lcj\c <-- » 

^ ^ x^a ^ ^icLaj jxUaJ (^\ 


L^^UI 

\ \ < 1 A A < >«S A 


&JA j \\as ^jjj• I 

<(.^jAa.\H 1 a *A« ^ <J^>*7iWI 

ijt _i^LJI 4>J_ 3 <<—ui_ <-<j- 1 I Ij _^Jj 

Jj j v;.H» (JLaxju_ul ^j_o 

4-ljU-U ^ 1 ^ C 1 ^J \ ((, j LaJ V ’ 4 \ JUUL \ Lc ^Jl 

cJ-flJU-i-u) JjLs . LijJ^. Lite {jr\ _I it "vl 1 

4 \x 1 \ 1 ^ xjl _(_L L^-oljja Cj-Sj _(_uj)j^-»Lc 


O' (3 cja> lj ^jLcujV 

(JjJAJI dit 6 j uill &JJ) A-r^ll 

<(.<£.AL (jjiali ^1 

fr.tui (T) oUdyi 

f'jSj <t jkj —Liilj <a^UJ 
^j-^uli cjLsiJ^fl 6Jjd^ 4^.jliLL 

9- 

3-i^jJj-uJI S-uUjIxtl ^ du-^-J 1 L5 iaA 

<pI jJI lJI _itiTsI ^_aj «bioinformatics 

3_ij4UJ| 4 < 1) ^_a ^ _1^.j 

<^4jjjj .z> Jj_Lj . nanoengineering 

Jl jJc itL^.1] 
15 —«-u V (_s-lUJI ^y—s» 

j\, \ ^ 4 -IAjlS ^JIaJI ^_a LuaA-dj 

J <DNA LjjJI 4_11 

lJU] ^1 jdxJI dllj l-jLsJVI 

oLai < 1 ^Liu^j jAjJI ^j_c 

9 

(j I 4)-° —<-u Ja 

IdA)) :<jjj!^> JjIj ^J4>^ jlaLJjLL 

((.^$^1 llicl jA 

Human Number Crunchers (*) 
Immersyve (>) 
Center For Game Science (r) 


(*)t 


xjj o ii ul^aJI 
I(jli t 4_iaJ Jia * 11 ,j^5L» LayU£- 

.^dJI ^1 ^ 

< l jjjjJ3U .J> 


ur 2 f—<4- 


A 


d Lldli Li 1 A1 LjLQ M ^ i V) \ \ \ 1 1 ^ 1 \ Q ^ 1 ^ 

l i n \ ^ 1 . 4-Ulj <_u_i del^J1 

icj_ <_oj 4 -s. i^t. a^)H 4 i\ nj^jJl _ juJLj 

l^L-o^ ^1 4^-0 L5 -le1 




(A^jJI / jLi 




<^(^\Ju_all unitJi CjLjI^oVI 

Lc_i^j Jj-L^. jjr\ -c\ A~i 1 a A i I I ^eUaJu-ul J_i 

. I J_i I IajUoI ^j_o »_j j _ojLJI J^ALs V 

^le jLi —LX.1 jAj] <JJJ^ s> JJlij 

4>lA_ <4ilj 4- 


-T^ ^ j“ 


,L 


ijrGjjj ^Jal)) 4-i-^-^.l U-O 

4jJ Vjl ^jjAJi jj <. i^ A^) JS_UJJ 

jdA jj cj!—aLcAVI (j-o jje ^—a 

j j)^-lJ . I_ cLoj 4HalA f. J_Jl _a 


1 a \ C <1 \ \ \ 1 Q*\ 1 1 4_o^jaJ| >" JU» dj I^Ju_uJ 
^ >''t \ 4_Ul (<«tl l cUajJLil ^jaIL xaj 

(3^ oSb&i J —u[ Jj-^ 
ijijLLo I iaLojIj L_a^3u 

^_a ujju-uljjaJI ( JjAij ij^- ^.a <^jLojJ1 

I4a VI .oLiLca^JLj J1 xij Lc j_La^. 

4)1 Jl -4)VI dx_i 1 ^s. 4)J V Lgjj 

4-i-^.^l ^j - Foldit ci jdlIji ^1_=Ji 

IaJ jk 4-uj) i^ iX 11 4^-i_cJI 

4 ± a 1 ^ \< \ < jj 1^ ^ 11^ L^^J^jJI ^ ^Lale 
< Vi ill (jilJjaJI 4)1 CuA — 4)lVi.x7)lj 

3—^ Jj—(3-1^ J^L-^ 

Ajax 11 4 jlo1xJ1 JjL-oII ^_a ^_jj_i_uLaJI 

^ ** 

^_x_i_^) 4/,jLeVJ Cj— jjJji ^.j4j jj 
Lljj^ 4_ijA ^ CiliAj^_i ^LoixJI j \C. 4^0 
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^_S <tSJj_ea]| i*_euljJI jjjjJsJI Jj-OJ d-Jk 

1 vis q — 6dJ_jJI 

^ 6-°) J—^^ 3.9 <>o 

li liflj <c jVI cu . ii, 0.9 ^Jl (2007 

(3-S [>»l£ U—°] <JIh^ R> J '^ 11 

Jyls2 Idli _jLk ^djl ^jI^jlxj <1_its 

S<is_s I_ JljlIc. ^£d-!l I_oj <^L^.djVI _3 

djLjji_UJLO ^IdJjl djkl <dl_IjJ <^JLUJ 

J^dll ^_S dJjL_eJL £^jlj_euJI JallWsl 

jL-ojlS^I ^Jlc jJi_ecu LSj . ^^.1 J aAIIj 

4uld <^djUjL& c Ls_o Lx 2h^] <j-i_eu^lS .E> 

jjjjJsJI Jlc — jdLJI jJ_euJI iyCl l3j 

jl jJl_euJI (J^Lk 1_ol — A _>J xA 11 

Lekul ^_3j-*u -II j jUjIjLlII J^Lk <j—a 

.vcc 6^' (f'— <j* j*—1 

jjs ^ji jUL!l 6^ 

Know-it-AII Toll Roads (*) 


CiMuol 

dxjOJ SjSiJI 

U 3^^ O* 3^ c5^? (j-l 

.<U£j 5jJJUxU J dJj 


JjlcI JLoJLJU_ul ^1 ^£djU-eu dJ IjL^JI 

ijjjj-LI dJ_ sLjlL^.^1 j <JajlaU 

.<_Suj_euJI JajlsJI ^ 1c, dJjll dadlj^-j 

^uAjlLxJI <dKjJI _ecJI ^jl 

LaC I_>jd-2s. Vj_cxu d-*u 6jl_ikil 

die ^Jel ^Lojls c jjilLeJI jJdu dj .J^VI 

Lokje dil. jLluJL <1tulv 1I jjLJI (JLaSJu-ul 

(_£dJI ( j^k-tlJI ^jl LS <<jJLkJI jjajkJI J>e 

jdkll £_3du a Vt 11 ^_S 6j-c <JjL i_u J 

a Vi <jlSJj ^ jJI Cr^aJI 


^_S L_isljll <AKj>j < Llojj <jj L < <« ji^ q \ 

^_S 1 ^jLaS LoL^.Jjl Citsj^l 

jjLJj A AII di_t-k^^j| j . UjJ-A Cilij^fl 



<CxhjjjU .T> 

<J_ juliSjuu (Jjl&j _coil ^_ijIsJlj 

O-l cQj ‘J —“=>UJI u* 

1 ^ (^x$^ <(—j— lc^fl <c_Jl5) 1 ^ 

Skymeter ^ < L p jS .B> Jj 5 j 

S^JjS 1 LT^ ^J-° ^J-^ LT^J 

^-21 jll jxl_lV\ ^ S JCj I j ^ 

^I ^V ^ a n jq l (GPS) Jcl—clJI 

jju-ol^ dLhJ T)j5L> jj 2» i^cjl^jUl 

^ic. Cxa^j£. jJ dLI JJLi dtuu ^—II ^ 

2_ajj ^jl dLiic ^y-sjLi ^Ls ^Likll 

((.^JLJLi dtuu (JI^2 j!)U L^-CUJ 

5jSJ _ cuiUI CjI _ jlklll Jj_ ^ _a 

^Ijil ^Ukj Jjlo <^-iljH Jj,.\^I 

^jVI L> ^1 is~-> <GPS (J^LJuJI 

<6jL _coil 6 jl \'k\ A _jlLl^JI _Jtllll 

^kx^l lj ■ jj- Jail <UAjl-1^JI <_cuaIIj 

i \pH i_>1_* H » dll jj s II 

Leu Leu 1 ^JlS_J ^Ul ^(^a^isJI ^kldkJLeu^f 
(JjlLo ^j-euj ^-aj (^yJu LeuJ I eOei <j| 

Jjlko *2 iJ^^LJI Jjlo 

Jfe—^ f“j— l5^' 

V LJU. . J_^jJI ijLJj-eck JI dJ jLl_ 



CASH 


CASH 


^-ol^jJI 6 j-A ^J-O Jjla Jdc _eu ^JlLu 

^/IJ^L-kll ( j-k_S_» ^j| Jjl» <<1_>jLl^l 

jJJLJ di Sj^UI 6 j-A ( 2x3-Jk^ ^^AAjjll 

I I *Ls 1 \ a d 11 ^ LJ I taj(^JL-eu 

dij . 6j L_euJ L <Lsjuec ijijj <_i_ ujU Lo 

<^j-euj (MIT d^.S II (J>k^.Li 

6JJ Jlo (GM) jjj-Jlj* Jl^i. 

^jI^JlJLJ <_2010 j^lc iild-& 

Reinventing Sjl i util jLk.ii) Sdl—tl 

JdUki < <-^lj^ < the Automobile 

ed^L^-jJ <Loj^Lo 6jJlS -euJ 
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JU. Lj Hal I dl j 11 ^jLul ^LjjI 

(jl 4^jJI J j> ; » 1 1 

Us 1 Us ^ ~S- j / \ \ t n < 1 "V 1 ijl_0 If 1 . j£, UmJ 

JJ&J V 1 -(jj_II dljL_CoJI 

O^i (JJdJ -£jU—LJI ts* ^Ijlf^l 

<_*_aL^. (j-°] _du -D> (JlLa l^LJI 

[oH>^ U^J-I 

dl jL_(_uJI L-ksl^-a (JLojG _cuV <ujj-o 

(jail JilklSI ^1 ^jlj—jJI ^ 

oljL- lJI .-flljla <-a-lli dl^)L_cuJL 

U^-° 6^ £\jlj—^ L5^ 

<juJ_ o ^_jiaj <J^_Jill <bJ_A ^jl_ SjJ_$ 

l _j ^jxjuuj La j)5s « <i w << \i^J ^jl x <» 

J-aXJ-caj . dynamic parking 3_xaLuj 

^-3 SjLu_u edl JuJ^V dl t.i^a 

dill J.3LJ ^LJI <_dUdl JdaGj La c_ka^-a 

85 ^^ju-o-oj ljLs_cul <JLijJsl JJ-^Ji 

^J\ a sj . ^LaJUi_cuLa l_3lsI^JsI <HI ^-2 

<jxjjJI ^j_a d-3j.ll J^aj J-GG3 (jl jL^.,yLl 

^53 9 

Lulj J J-^G I 4 JI £-a <g*j \*nVl ^_a ^jjJIj 

£ 

fv 1 < ^c 1 ^ \ ^juljlII ^J ^ < (11 L a_a — 1 aL . < 
. j*.L^jJI ^_3 <* \ . A7 An ^£jJI cilSj 


Jj 3| ^j-a d bud VI < aA3~\.\11 CjLl^-LJjJI 

juaL^jJL ^JjJI Jjl£. <1_HI ^-3 1 (j-a 

.<111 ^ 55 <> ^Jl 2005 

<_jjl!j^JI <1_aj<LJl -LJJ2_<_u ^jl Jju 

dLJill ^JLli 2010 ja.Lc oLiljj ^_s 

— JjkJI ^JLJUcaJ j^_abj_> (JjlSj _<_u_a ^_Lc 

al JA^-cuLycaJI I J-Aj 

V Jl)l^ ^X^jlUI^JsI jxifclj-j 

j^jl£. Jju-Ol^JLI 6 J_> J-%. l^l_ Jj^I 

<bjJkil <jIVl 11 I La^ .CjljLi_caJI 

Aj I I <1_Hva 

=>■1 LS —‘j 6—° 


-LajJ 

UjJI 


VJ 

4jJLUj^jJI (j^aGJI Cxi_i_u I 

a_ ljjL ^Vl <ij^xil) Norwich Union 

V 9 * 

V <oljLycJI ^jJ S^fa.! (Aviva 
ljLlJi]I ^jj^jLcoJI jLi I ^jjjLlLI 

1 j A 1 1 <UJ_t n^s. ^ ^Jl jL_<_u 

cd-oxji <_ul di j Cl «. 

jl 

/ **» \ \ 4 <LCj_caJ j <« 1 \ a 1 1 **< ^ 4 (3 ^ 4 4^ ^ < V< 1 1 
^A^jl _ojJI uj^IajLI Cl I j Li_ cull J_ ^.Ij 

. ^JULaG Ja L-ulS I dVsl»-a ^j^jLII 

iuim d-^-2H_2bJsl j(jj-ll ClllI ^_aj 

<hJ^2l\ dl_b JiLk. <lil _3 30 


I—txiljjJI g.—iLu (ji VI 

Uaj5UJI JslLlGGj . Ax ^ xVi a df A JjVI 

Jil)) 6 jJl» _ujJ Jjl*_3jJ <1_ ijjJ^JI 

<JULLa <1_jld ^ 1c jl_alcVL ((j_laj) 1 \\ 

J-LQu^s ^_3 cJ _ llj — (GM) <jIaL1I ^_ 1^. 

dij .2016 J[^Lvj IjjJj^ J^jlj _<-^ 

<Ju_u dj-OJu_ul <UjLi-odL_ul <_Jj^G (dku 

70 (jl <| ^-3 2010 ^Lc ^j»a j ^n I 

^ ^j) Ld |jjJl£. ytaj^l a ni l <111 ^ 

jJlC ^_3 JdjJL I_a I GjJl* _culil <"v \ V\ 

J3l 3 j— u —^ <*jj j—11 oliil—cu 


y 

lj_A 1-° -dl^Lu-aJL UalLui^l 
UajfL^JI ^jl_3 t I \a^. ^_3 ^-aL^jJI 

j^tlll ^ 3 \ (jl <1_ijjJj^JI 

.<111 3 58 <Ju-oJl> ^L^sjJI Ja-3j 

^-aljJ ^Ll-Oi_cul I_ l^IjI {j _ 

^_Ls . < \ \ \ 11 Jjl3j Lo_j JjLa Jil jJl* _cull) 

dll^LUl ^j-lc _cujJI Jv .Lilli 

9 

_II Ijlll_cul c-J_i-UsG V <_ Ll3jlII 

^jJI I jlll_cul Jj .-Ll3_3 <£.jLlsJs) JL-aVI 

dll^l_dll ^ 1 ^ \c IjjL^JI dLLsulVI 

JjLa Jil 1 LLg jli ^liSVI 
dV^.jJ <-»^111 <ju-ujJI dj-^Sj <(^jLda 


<^j-ojlII I_jwo^jli^. sequencer 

.jVjJ c_sJ| ^j-a (JiG <_a^Jsl j-^Gj L 3 La 

^j \ \< 11 1 11 1 <aKi LdL^. ^-Li ll 
— 10 000 j 5000 


dill ^1 <jlL-^sVI <llKl» LjLLa J \ \*N 

qdu JljlLa L^l^Jj f jVjj 2.7 

Jjl^LJI JjL^J .j^jil >»-1-aJI fjC. 

£jL Roche IBM^lSj—J j ^ 

dVl j\ t a i.^>3 IjlcL clllj 1 3J|^ II ll_A 
^-3-3 . J^ xVi ^ d LljlzJI <J_JjlL-u 

I <dV-C nL nil <_ 3 — ILl s lA^. 

.<HL^JI ^I_iLVI <JI_me ^^^ i 

c j-oll I <_JLc reagents <_JLH J_al jc. 

The DNA Transistor (*) 


d- 4 ^ \ -V ILLSl 

( * tijJi 

^ 5as sequencing <IhiI.m1I oojos. 43jijIs 

.401 j^JI ^ixJ Lla^i 

</jjjjJLu .E> 


dlLLljVI 


5 3-LGj _I genomics 

(j-a (Jj ^j-IJ Jji-a <JgLXi-ajJI 

< I uilni ^ xTihxn ^IL-Ol^. 1 jX^_3 

^jJI <£.ja^.11 — dl_qjjn^. 11 (j\ _iV_a 

^jul^JI Lulo^jj J^Llo Jj3 4 LlS jjfiSLuj 


.<_dc L>^1 La LlIjl^.jJ <jluJI 
V i 111 ( <l .h c_J Ikli <6jjJ 1 11_Aj 




HujlLoj ca^LJI ^LJ 1L (^Hl jIaJI 
JjV human genome ^j-ulJI 

dl 11 jAo L^aGsIjJI ia_JjjJI doL Gj_a 

_7)) :J._LljIJ da_u jt_Jn ^)Glj_O^flj 

.(2011)4/3 ^Ijj—xJI f^\ <(( < Za. 
^Vl ja2.~vLJ1 Jh 0 JaLsljj . [56 
CjLl^ ^jodJI ^—IJLJI ^.vllll {J\ 
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<JuJjU I d-A )) : i A 3A i l> (J. LjlA 

I d_^ 4 jjJ 5-aLaC dj_2cJ 

IjJ ((. J).JL jL-naJl J_COJ d_J>dlc 

djJ^MI *Ju-£sJ 6jl_o £j£. ^LqlLlII Cv^ 1 s 

^ J* ^5 

. Ajjjj a A II < W a till Jc^l 1 ^ \\ £\ \ 
i dJI 6d-& ^jJI lc^ 

<jI ^jj)\ki ^ <Lid\ A^ill JjJlaJL (j-UalJI 
<1_>Ja (j I ' LdJI jJu < jl J 

A I jlu\ l ii\ ( <JLs_aJ ^JJI A ^Jj c L*_>j_cu 

J <lJ^JLal \ xVl .B> JJ ^ . djLiJjCiJI 

dJj^J <->j 1 -si 11 djIJJI ^ ^ 

dde \ I j : [Jj) \^.ll <1 i 111 11 

4l_>JJL <<J_i-aL-all 4_>jJkil dJJ l^JI 

^jjd l^yA .A _calj Ld-ll J| LlLlS j _Lja 

jl <aK11 <jljLloj^JI JuJ^*_ ll ji <l^.l^ 

< 1 A < /N il j 6$-l^-3J ^Lc^^UI A \ 11 dJ*^^L-l 

jLj I J-gjj < fluorescent 

((. ACj_aaJ i_jJ)1L1I 

L>JI j£ — j-A — 

^ i!—d-cu ^1 

J> Jl I j-*_ca_> <_C jLLlI <LkJI dJj) 1 a nil 


I <^J A < A < )> dH*->J . Jfjd C_ll| 

^-oJaJ 1 -L_auJ 1 dC1 uitni Lg-J 1 1 d-& 

dJ LjL^cJi <y Lj 0*^1 i.^a 11 JJ J_Ja2>jll ^Jc 

<jl^.^L*JI <_>jj^flj <L Jl 

Ji 1 ^ I Jj £_o_S • I icJ-CUJ 

Cj I_Ijl^JI __s -La_ 

ju>ij-^j <j jdji^j uj a <:A-i-i *<j 

<LL)jiaj jjJI J_s^U lJ C ij-A 

L^-JUjJ I I ^LIjlLI t_SjJlji-LJJ 

jJLtlu J-Aj • Ifr-lk 6 

:Sj^ll C L ^k\ll _^.1 Jl 

^Ijj j _Aj <herceptin 

J-OJ l_Lsjj ^jUaj-cu <^JL»I 

-Laj^ ^_)I^JJI f-\ -cajJl 

j < HER2 ^ajuj^ j I ^_3 

^icr JJLJ <Jjlo I dl ljuft)) X^^^-CUJL^jJJJU-U> 

Jic ^XLQJ ^ I . JjJI ^_jI 

((. I J-2i- 5-cLc <Aj^La xVnC^l I j_A 

.<Utlil jl (^) 



^C-jl ^ jl Vi — I4- 


jlLLI djt-ljLiJI (J_\ 1 1 


6jLc (jAa \ ^j£. L^ ^3> \ J ^ 1 ^jja.11 

JcLsjuu-u ^Lj^ll J^JI ^jLa — 5JjLc 
^-jLj^^JI J ^^ 11 .((IjjJI 


c— 0 


< 1 >Qu ^ 


OL^ 


•A\ LjJI 
J^JI ^-^U\ \ I_c .<1_ % j-o ^_a 

L^^ <Ld^JI J_col 

<jJLlJ| ^dcLiJI isJ\ ^j| i_vV\ 11 jJlC 

. < 1 X <il A nil IjIdJui ojI A^ill j_oll 

| « : 't \ i 4 U. C\ 1 1 i h I \~\ \ \c. ^ 

L^-c-adJ A J-ClA II j,j^JLiJ iijuli 
. ^ jLc ja£. I jl^ILsI A. \WJ1 6J-A dun vl 

^-A--^. J_IjJ ^jl I,uvi 

<jl£-c ^S IjjJI _lx. Jal_^11 I_ 

hj]LL\ ijJLaJI A, xLa-iiJl 

9 - 

Lo 6bt^ (jl 2) _^“ aJ IJ_ 

JjUJI Jjl—xJI —cuj 

jjU=oj j) <dielectric breakdown J^idJ 

J is~> q nj 

Lo die L j-oll- lj_A djj j-^. 

(JL 2 JI J-A LoS &J djlll_call 


aiVI Jl i 
^-O-aaJ Lc ll < 6 ^JlS_coJ I L) lla a Vi 11 
DNA transistor L-ijJI j^'\ miJIJ 

. I d-cuJ I J-2a- J| <Li \m\ ^-11 

LjJ JJ-oj ilJsJI 6d-A (Jj 

^Lj^Lj ^ ^ J_^1^ DNA 

<L^jj_I > <i isJ\\ a ^14j dil^lo^jll 

6JJ& IldJI jJ -JLX. .<JL 

JL j4<> ,^LJI 6^-rc-^JI 

6dell j | <—Jjj-rc 6d-2CJ (J^ 6<^lj-£_> 

.da_s 6d^.lj 

ojjLj ^j-^c 1 oijy;^^ djj^ 1 L £ 

iLcoicaU^L^L^J J oJLa_caJ 

JUj <4 _)^jIjJI djJ^-S-ll ^>1 d-2bli_cuL 

J ^ j % is ~>II c 4l| did 

LdJI Jl d-^. I_jOXJ jJI iej_caJI 

_cu JJ Je dlJ . <_sjLJI <2aldJI 

^J-O dxH-caJ J-CU I (Je 4 Q \1 . A IBM 
j . LdU 4 cl3UulLJI <jJLcaJI A\~^ dJI 
JoJLJ dd2cL jJ $jJ <^J-caIljJ JAlj-u .A .G> 
Idl <j| 111 Jtu^c)) :[^Jj-llLI 
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cj! j _ijj) \K\11 ^_a _ »LlL1I 

Udrx I dJd^i _ uj ‘ lj ** SNPs 

^ I J-a CA^ 4 1 x < 1 1 x <1 ^_a l_LaJ) | 

c( o *}“*) fJ—6-° <0— 
j£r|^JI C j-o CAf^-° (3^ (sS ^ i o' 6^-°f 

jl_ jlLLVI ^1 4nil .bases 

J><_JLc 4 w u\ i \ v—k Ju$Lj 

Ijdli L^il — <111 ^_a 99 4 jlcoj 

<<lLaLl. <juJ _i_u j| 4 -JuL~xjI jcjLu ^.dij La 

La jcj Lju j aVi \ ^ I j-^J_a 4^j_cal I CdI d-» dij 

. <Jl 1I dxLcoja 

^ * 

cdl^Lcx^.! ^\1 *>x r> <**« G \L> <^jVI ^ ^J) 

a>^ l5— 

J_o <j_i ,P>j . ^xie _Ha 

J_u 


Yale Fertility c 

^Ul *1_oLVI d^J Center 

< l A A 0 . jxJfcLx<lji dJ_adlJI <sj-& 

. ( JjLcaJjt^ ^jLltJuajLa J) aA>C 

6JJLfl-a JjJLxill I <jjlx1uj11j> ^£j_J 
oLdl^l lyjJI IjjVI <^>JL*_a 

ys JiJ ^_La . i_jl w <ljjJi_a jjl£- Sjjila 
dddHi Cdl ^j| ^AJUlj di <Cj*^L~xJ 1 

£jA CAl^Jl ^JUU 4 t ^ H A CJ lll^. t,_U_CUJ 

:<j) u7i »jlL> J^ijj .^_al!lj jlj-ol_cHI 

I 1_A JlLa ^Jl lliuajj LjulII 4jlco1ILj)) 

((.^xiKc J-a I_call jLiH^I 

CjIjljl^. (j- 0 - 0 I^juiS ^jLa <£_jlLx!Ijj 

6 del_cu-a (jjJ lj)lx\^ s I r\ \ <jl^Julc 

Ci^J ^-S S cxu^. ^ ^XJ <» 11 I SjLlC 

LoJjl£. dUjj <^JL1^JI pj_(_u 

(1x5^ ^ xi> xj 


LSjl_ 


1*> ^ I 


<<_uL^j| 


LT 3 


i i jin^i ^ 


LlS 


t 7 m IL 1 t 


"i <1^.1 j\ _juL^V ^Ulj l O u J . x " 

• jjh & jP o^a' 

j|j£.| Q~s.‘u_i—u <^[yjlJLiJI llK ^_Sj 


One Hundred Tests (*) 
single-nucleotide polymorphisms (SNPs) (\) 



vlJJJ <w> 

Jiu ,ja 34Kill >uAj j^n-S< til 

c5-*j 

<JSJLa jlS ,M> 


t^jVI Jl—cJI JJLj IJ—A ^j) 

(_jLsJJ liu<i> jLl^l J_cOl2j dll jj 

^Counsyl Jj _caJjl^ _cul <£J ia 

100 £y& xVn^Y ^J)\ II 

^jl ^ I A, xxjulla <jl^JlLg <iLc*2> 

<j JjlI^j CjIjI n^l 6dC ^ I <Xloj I Ya 

u^J cjl 


, 0 \ A 


£_>llill ^Jl _ij <Aij 6JJ& <<_ 

6.1-J j 4_s_SJ dllj_i l ^ \\ I j . L^. 


iLi 


. IjVjj 350 U<aK Ijj 

01\ \^S. 11 4_iJJlIaLII CjIjI _jl^.VI (jl 

<jlgj)\ \"s. ^ _Li Lie ^_Lc ^Jj 4_ i^xllil 

. Ji-vci I_ ^_jlo JS -Lajjj 6JJ_ 

CjIjI n^.VI J_caL_uJ tO^L^JI 

ljIJ. 4K11 ciul^ 111 I_o vw"I oIIajJI 

<dllj (jc. I_ j£. .6jj_ 2 c ja mutations 


^_a ^jjLlLII o _^-u j\ _Ijjfc (jl_a 

, 0) (SNPs) *Lj>JI Ola^^d^yJI 

J^XJ ^J) J^ll ^ typos < lllb ^1_Lixl 

.^j—cxI J^-g base I—^-xa 

<jJjiJI CjI Jjuj) \K\I1 ^_a ^jjLlJI jAan 

Isojijj jl <^lij__iL <jl_^)fl ^_II SNPs 

lij . dill JjLaj ol_ jul^xj j^.VI I_^ ^ 


JjlLa 4 jLajj_ UJ _II jj_all I_a 

^/_jL-Ouc IjdJj-i 1>1 dljVjl 1)1 (j—a J^GlJI 


> j I <JULa-a 4 tVm <jHjj j_aU 


<«jd^ (^1» 4 ^ aAIjJI 4-jL^.VI Sj,^* 11 

jxlaA ^ <l*_aj La IdA j-aljJI ^_a l>^lj 
c-iclSJI CjIjLlUxI l)_a Jdc dlli^_a .^jjjLjJI 
lJ yu ^ _L 6jjl_ill screening j-£JU 

JdC ^j-a 6d^.lj AJi _cal! ^/J-aLxJI jlji^l 

— ^j-llj-ayU 4 julco 1I 4 v^.Vvl I olli"x 11 


Ladle ^jl!I cd 1 li^ 11 ^^lll dill 

JS ^j-a Sd^xlj 4d- coj) L^_la ^Lul OjJ-i 

CiVLx (^djJ di L^lU —JdlljJI ^ 

0 ^ * 

cystic fibrosis ^ nmSil ^L-dUl J_Aa 
j . Xay-Sachs tSi ^l_l 

CjI jllxll 6dA Ji! ^yA^Aji LujdJ d_^.1 V 

4jJIc _^ill 4_iKj 1)V J_aj^JI J_ l3 

^lll cdljlmVI cdlj_tie dlll^-a — Id^. 

cdlYa 6de (, iKj Lfrla J^j < l_Ajlj^.| CJL^cJ 
6dd ^a J^ cd - A 11^ . cljVjxJI 6— 

l)La <6jdli 4_lallxllj Sj_ JslxJI CdljiLJI 

£jJ_aj t^lsax 4 _jjj^j ^j) 1 A^a \ ^jxillll cJel 
6l^j — ido^x 4 ^ is\ \ ^ _^JLiLsI dlj-> 1)U 

.^jxiLa IlL^xI j_Lcuj 4jl^jjIJLcuI 
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(j\ Jl Ij L <gene tests 

cLv (jL—^1) 

. 6jl_tD L^JlLII CjI_JUlLI 

^jJI 2 aLI J—j-A —II 
ariW.) ^UofrJl JL <-Qj\ Ci ‘ x 41 •* 4 

j-Aj < familial dysautonomia ^uji 
neurons OlaII c_aj jj ^ 

dllj, i.Ws j jjj .<LjUi _ UjJI g s V 

JJ&J . Jju-uj jL jl <LCj aA^>. JJL_> ^fl 

LLj <1 iLil <Ig:Jj 3_> 

V L_i j-O-sJI ^_3 Ljj^.G J_*_i LjulUJI 

L I JjLi < jVJ I Li jJ (j(j£Li ^C-O_CULi 

_<-u ^ aA i i dilj JjlS llat-QjL^.I j_1 

^j-o.3 < I L I ((• I <jl*J ‘ aaJj LSJ 

6' u—^>^1 jrbj^ 6— ^ ' 
.<JlJl 1!I 6J-A e-L gj£. 


Jju-ojjL <jL£j yJ&A s (jxuJ <jI Jjlj 

‘ <(jA.gg a^ g JLLal £“LI 

jjlC oL^LJI dlJj V <6 Jj _3,11 qLLI 

<U1aLI CjVI_H I J_5_ OJfrfl 3l I 


j-aI^JsJI ^_s I_cjLjjj _coil SjjajlLI 

< j—l L .s> Jj_ Lj .^Lj_IL <Sj _Ixil 


<jJSjL <JLgL ^_3 ^jxtilll jxic jL-ul] 


(jJ)> :[(j-oL_ laWI oLua j\\y\ <Ls1sljlLI 


2/-^. Vj JQ ^LLI j\ \'\J^j-* 


^1 (_^J-I jL Ijl^ <<LL3_i-cuJJ CjI^JjsJJ 

JjLL lJjjI—^ jxiLjJI 6j—Oj 

_<-o^ <eugenics J mMI 

I _LtUU <_£.^ (3 ^ I < (( J J (] A I )) 

3-JIjlII - <La.ij.4J1 CjIjLlWVI ^1 j^L 

recessive- 4-i.VtU) Ql i 1 ^ 11 - 4.4J5GJI 


_ujJI ^_3 ^_<-Oj-ll (Jl_LLa^fl 

^j£. <1 A^lill ^j-il^-c^fl a Li . 

^3 YIIj^I)) gIjloj Qa. i^ (jA,\ 

JL Gjjlj foL->^l 

Jju-ojjL jLi^l (jl • I ^ *i *ajI^jJ (_sL 

Jll Lj^ J^GlU j^^jLc J_o I J-a-Gs I 

(jGlj-O^fl 6J-A JjlOJ (2j(jJljUu_u (jxiLII (2^0 
.(jGLrGVL jLVI 


Jju-ojjL JjlJlLj ^.L I Cjl^pLC jjy wii 

(jilAJ ^ jl • ( ^-cul^JI (^J.1 

JLU^L)) ^jLJI jcJGL_u L^_j| (j-c (jxiLlll 
CjIjLL^VI 2J JjL^j j| .(<2 / a.^>11 

(jGlj-c^fl £jC. L-VJ j\ _lajIjVI <JU_ul^JI 


Ij^.V ejLII jcJGl. 


SjjLjJI <juul^JI 
ii^L- V CjU A^i 2 j_C. GG CjIjLjL^.1 

.^LjJlj JJkJI Jig <(jGj-Llj I 4 J 


jaJL ^-Aj] <(£j^> (jogC Gsj < Lj r^JI 

|^ Jj(j^jlji_<_u <JLgl^j jlj_ Hj (j-sa_I^-g 

(2^g LIjldil <^3 —cujlII (^^LsJI (2^g 4 jlLl3 
^ Walmarl ojl_o Jjj cj^L^o 

<LL» <1_\ 1 j I ^y (Jj^g 

.^LaGlsJI (2)g ^_ < - u L <^tji^^. < \ll 

JL_3 JjULg jgLg A _a aA 3II j-LsJI 

A Killer Water filter (*) 


z\ jj j '<L^*ur> 

w JjLs £-lg ji 

9- ' 

.^JUdl ^.ula ^ c 4 jKj jju 5j^Tito jl^ 


I jJ .(T^gJiJI 4_JL <1_jlua l. a Hag a I_og 

<Li^Ja dilj (2>C LG^£. <(^_9_^ .Y> 

J_IaJ ^ I _j^^JIj 5_ uGaJI JLgJLA_cuV 



<J&> 


. W ,M> 


e^JLsJI 3 (^al ^A7,| <Guuj J^ (jVj (jg 
^Lll i 3 lJlUlJ jj A^>g ^Jl J^.1 j ^jl3j 

< ^ Gill — Jl^_ ujVI ^jGljgl Ja^-» ILj 

— ^ ^ .^11 «^_3j_uoJI t_3> ArfOi 1 6^_ lLLII 

• ^JLsJI ^_3 SLsjJI (iujI^^J (jxULJjJI ujJu-oJI 

6 JJb J^ & Li I Cj 1 ^ gj I .. gj 

(j-oill Lite — Lj-oC — 1 ^ \\ Ij <<J^_Jail 

(jjjLII Cx$J JL^j Lg IJ— 

G^UI <jLJI .6jjL j|j£.U 

(jL^JI JL <(j_ ojJI L^jl^jJI jlj_LI ^.g 

1^2x9^.LI (jLi <^l_LI ^jxilLij 

r>Lj <> jjjg a ^|_c oL A-ij-o (2>g 

. IJ (JJ-LJL* ^ 1c JjJj V Ll) l_^_3LJULA-Gi 

<_aJ jJ^jJI ^LLI OL a g a.U* a 2)Lgj 

< Li I J_ ± < byJuL^i O LI_cugj 

jl J, a n 1 (^^1 J-i-g-> CiLLail 6jJb (2)^J 
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^d ^c-cujil ^. L>j.fk tilJ iokdl 

4 * h» Q 1 1 < 1 Q k \ ^Lj kk 'A \ \k 4 \ \ \ Q ^ \C* 

. ^kjj-a| (jxi_d i Sa.^V* ^kj 6J_:d ^Jl 

*ltl ^JlI i 3 da.d 1 JII^ ,J^ - L-OlJJ 

6A& ^)l_ lL^. 1 Idk. j .oj—HI 

Iddjdj i_ i J)\^>. UJ_Jiko JjlS ^J-O <1_jlddl 

South African Bureau of ^ 1 lk A I I 
HkA * A \lc iadljll j_3 ljj ^Standards 

^1 cd«.dLa* a!1 4_* ^^julU (jjJu^.Ldl 

.<jJ| <La.k*_> 


.jxdljjaJI j~y \~\d ^jJI cd "n. a 7 .^11 d>° 

2)"° < kd I j kd_> I 4_d 

I 4 JLS £_cA jj> 6 j \« a .^11 (jailk^fl 2 >° 

CjI \ \ \^. \ ^Ld ^lllj <^l_odl 

ASj . ^dlj^aJJ A _bid jlj_OJ 4_UI till 

£\j.\\ \ 1 aHaIi 4_*_ak. ^_S 2xT^ 1 * edLculkl 
idjla <kd^sl c-jj _da-> Stellenbosch 

4_^-*_d I ^J .0 aA idkakJI jl j-LI i Svlidl 


L^L 




.0 6 jHj 4jJlj <1 _ijaE 

jl J LI jl_ \h> IS~>\ ^_k L^jAcI _ <_<JL0j 


, 4 \< Adi aLj^W I ^j| j| ( E^dkoll 

6^j 3 I_codj . 4 juljl^JI 6 jLLI — Lbj^» — 

> ^ «a A L AL jLd ^j£. idLdl J—d 

- ~ " * a * 

i*_od l a^ 1a (J^ AS d A*d) 

.djdkJI 1 *\lAll d \ ,> 1 \ 

< (£^ > C—A>° 

+LiSLjj—ujyi LJjdlj ^j- 0 <^il 98 

. * UI ^ l jj_ 2 ^.jll iE-coli 4_jJ jJjjJI 

^ 5 -^ CjL^I _call Cul^ Lij 

6^-0 80 000 _» ^^yuLi I IA^ cj|^ 


j . 1 a A Q <jljljl1I ‘LqA% ^-S ^ a A jj I 

(r) <^e^VI oLUJI oLca^ SjI j| 
EATR ^1_UljJI Jja^^II 

j-o l ^ ^ ( L a < t ^ 1 c. 

^-JlIslJ _<_aJ dJLsjkll 6A^-iJ .aJjJIjJ ^ 5 ^ 


^j£. Iju-vj a_sl_»J^I Jj_ ^JlJI EATR 

invasive plant <^jl*-!l < ^LlIII ^1 ^jVI 
.j— j1 (JS dj.T fj) species 

.*N O ^ Ux. a << 11 ^jl )) ! < j ^vi La a idki S> 

a « aj I a A*t 11 <aac ^_Lc ujIajLII (Vj-o EATR 
^AJI jJaIL l^_csj-^a (jjJ A dV\\ll jjlA 


((• Cjl^)LLiVI ^1 0*^1 a II \ s 

^_k o I j Id U. EATR ^ a A \j 

< Jj^LojLc 4_3i_cL^ <^Lu 4 ^ia 
dj^JLo ^Jla-o ^d^JU <^j->I^AnK \S> 

/)j5L> ASj <oLjLdl \I1 ^ 1c, jjld 

jAjlj AS .2012 (j-o k CASj Ijjfek. 

<^jjL*\ a 1 1 K\S> (jklj <<AjAo <_ulko^fl 6AA 


0^1_<-aj*2l 4 _lS A(j5d I_lie. (jL> 

(u-uid Lik (jxd Ldlj <jdji5k 

^jVI Lud)) s\aAi . I aA d ^ <j| Jj 

JaasjJ I I_&jjAAoa kJjjuO Cj^I _cajl 

^jj j 2 )-° ^Ljj-^jdl jn^> L^j-osj 

AnS\ 6jkdl Cv-cad 6AA < Li^CjJ ^)l 

((.^Idl (£jjl A ^11 ^1 l^-ldj A3LJ 


A Wandering, Plant-Eating Robot (*) 
Intelligent Systems Laboratory (^) 
The Defense Advanced Research Projects Agency (Y) 
The U.S. Forestry Service (r) 


CjLdkgjI 

- £ 

o la LAI I JSU AJyyxa dJLoul 

AiS 2 ObiLuJI jJI Jjl J gi IA || OlalSj A 

<c£>^ 

c^jjjjJj'U .J> 


EATR jL^dl d_ ujlcj <jjd ^UslIj A^j^ya 

_ tdl *kj ^d 1 ^ X a A \j CjLjLdl 

^Jl CjtjLdL £ _SA> J-S_oj^I 2>° 

<jjLk 2>^-du fjAl ^jid j^d ill 

.^kdl <k^_o 

<A^>1I ^_slid) CjI J _Ijll (J_k 2)1 


2^ Jfk ^^d 6jj —j cAA^d AS 6AA I—ojI J 

(A _uaLIj i»d^_cadi CjI_lLojlII 

^d)) :<2 a^>_cajlKjlS> (Jj_Sjj .4_laLlII 

^ j A ^ \ I t « ^ i It tiojidJI 4 hICII ol^ji cdl 


ijjlkj 120 (Jjkj k ^Ai^. (J^ 

iilidl jJlS^LI dJjj < Ljlojj AA 2^ 

( SlS-Aj_ UJJ .<GljjL^d ^A-Jj 4_T2 koa'i 

^ajdl 2)-° l>k EATR jL^-dl (JkobLaul 
id Id) ^dljll A»j2>d Jl^ll An^yjJJI 
^jy\J l^j | a \ <JI — caI (4dUdE 

Cjldj I ^_S tCiLakdl d^L^J_cuL A la,An\^ 

(Jaj-<d Aj .((6 A^jJI jljdl A _lSj id j 

O k^a^f I kk il kj 2h° EATR j ^11 

. (T) ^lddJ iojdlll 

Cj Lj kill <kl^Ju_ai I CjVL-cojVI j(jAS_aj 


Jj^d ^dl ^jdl dJj kj-caJ J^J yd 

^kjl ^d Ldlj 4-Lsj_ujlo CjVI_ <-d^l 4_d 

idjl iijac^ 4 \"\\ 2A kvj A \ aA j^fl 6jkll 

iijj 6 AA . L^Jlo isLU djjj l^llflcud 

idUdl ^Idl ^yiCJI ^LudVI f^lkdl 

The Energetically Autonomous Tactical 


6jl c^IAl 2)— ku _ II Robot System 

<2)->Lj_aA ikls .R> _Sjj .EATR A _dk 

" $ 

dJ^k Afl->-aj 0) ^dl jddJI j 

<Aidjk A _sak ^d 4_»_ cuAl^II ^jkJJ 

Robotic iJkojVI iilddl kj_A U jjaj jj 

jj a^T) :[EATR a jldl ^1 Technology 
- WALL-E^ kdodl fJodJI ^dkdVI 
L^jjd <dJkldjJI la_3 LaAj 2)1 2>° (J_^ 

((. 4 \ \ 1 q ^ 4 0 1 fs Ai-ljd I 4 J 1 * > '* E 

jjudl 4_kj okajJ ill_ cojVI (J-oJU _ud 

A uaA a Id Id j — JoAslI kdk Lj a^i \ 
idLd iijJLa. J_kj isk. _ lL d^Jjlj 

ii.ld_ coa jJlA jlj_c 2>° 2x3^"^ — ' 

.2)jkllj idljJLaJI jljllj jji a^> 1I Jk 

<idl_ cojI _ u -kj <d_lj Asu 
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O 

4 JUoiaJI JS'jbuj-ul 

£ >* 

, 2 « >>UII Ldaj (JuJI »(p^y< ^jjJI Lj£.Luij 

.^_uxdJI ^yaSjJI biosphere ^jp.-JI LiU£ Sjl jl 

<^jjjjJ 3 U .J> 


J 4jl 3 J-iljpl <5juiJjilxJI << » A IL 
Big 3jAiSJ) CiliLuJLi j) 

LjL ujS^fI {ja cjLlo jJjl jl — Data 

j 3 - <j <-u J£ cjUj-U- 11 exabytes 

J aA^I 4jujlLl 1I ^1 J n Anil Jj^JI 

£-j_ <Joj j . J-o^JI I j_A J^LaIU 

^Lal_&I dJ 1 I jj& 

Ll^ jJjJLjJ I _ 0 _le ^Jjl *llLi 

^jxiLjJI <j| dllj <C»4JU_ul^iJI^ 

Jl 

. (^JJLCulj^. 4jLO_A_OJ Lo JijL^JkJ <_Jk_(-U^-^JI 

I 4 J ^jJI iycuL-u^fl jj_o^l J ^.1 7)J 

& \ \ 4 0 Us \ 4 \ ^ \ \ 1 1 A. Us \ 1 1 & \ &\ \ A 

pattern 4— iKa.il 1 JK uiV) cJ^ju j_A 

^ 6jl_J£fl j n as (j) - recognition 

^aJalll Loj\c _ l^-la^JI 

<dllj-» ^^LoJI .CjI _ojlxlL 4_oULo 

O Ij-aAjla.<jl.oj <dll j-> ^6 JjAIII L3UJI 
4_j ^jal Lo I j_A — dilj-» CjIj _jji^JI 

Cf^- LS^ ^ 4 a* 4 ' f“ 

0 ^ cr® '-J— 1 6 ^J 

((. Lt^kjl <dllj JjlSj (—1 unl^aJI 


£-JLO^. 


<JLajjl^*. p^lKjL 4 jt_aL^. (J-o] 

Cj LiajiJ jJLiLl L ^jJI 4 jlaKaJlLI 4 -JlL^J I 

<JUUL 2 JI jc-oI^jlIIj 4 jljj _uoLJI 

LLoUIj l^_i ^1 _UJL^J 

. 4 -iAAArJI CjL-uJjJlUL ^llil 

CjIj-lL^JIj J—alll ^—gJl J—ij 

I_£jj^ (£j _^.^fl 4 _i^Lal^^l 

iSj }} 1 n ^ (j—I ^—a Cfl —I^UI (j—o 
dJAyujL ^ dlljj <cybersecurity 

^ 1 “O ^jJ — 1 

« (r) UA 9 j M^J)> ljj^.jl wiLa 
4 _uj-<_uL^. 4 *\ \a 7 i ^jlC (^IjisJI ^ lc IjjU 

jT* 

(J-oj Jj_ 2 U _ujL^j iLijlaJL 

<Lc.jjujl j j_a^Juij 6 ^-^.y 

. a !U\II ,\j \ ^ ^jju dj Lo 

c^LyojjlI 

lSju jjj cjVI jxj_Ja 5 _cujj bioinspired 

(jj .Wl 4 jjjlVdl £ jl_alll j Turing 

< <( fc J_JuJLa ,M> 4 J ^11 La I j_A <c_u lxiIj)^. II 

4 _»^fj 4 j»_aL^. _a c-U_txilj^. 4 -llc 

-Lul^Xa ^_lie. 4 _j| Jjj . J_ 



jI^^JI A _ale (Jjl_I_ ojlS 


^-a^j ^ _lie ^jld| 4_ lJL 

^ dljj—^ <lj—aAau 


Jt^Luil 



(Jj_alj .^^fl 4 3 t\\lnll Cj I_a I_^_ 1 | 

JjlIUJI j _^_»_a 4_i_ULjjj] <^jxij_3ULJLJ J> 

Vj-aijLLa ^ Biomimicry Institute <jj }^Jl 
^^-le ILl^JI -kjAi)) :[lltu > 0 4 jVjj 

I I^J j I (( . Cj LojJjlI 1 ^ ^JJ-a_tld I 

^^Jiil 4ljjkJI jl 6jj) Jal species 

1 ieualj .l/-»_a habitat J -^^ .Hall 
L> j s> ja! organisms oLu-sjuXIIj» :<ljli 

T^e — 1 ^-n (j^jJI ^*1 -^I 1 ^-•—<jlS 1 

((. Cj LcjIa-II <LaJljt a (^JjL-tJLa 1 1 \ a 


t dendritic cells SluaJuXI L-i^LiJIi 

4j^Le V (jl ^_Ij^fl 4J_AjJJ jJ _u <ilia 

LiUJI ^jjfe (j>^-lj -»-jj_ ujLJI Lfl 

^llil ^UnB 0 ) jj_Lj J^j il^loj 
ol j U a ^> ^—llal ^jJI ^—^_a <Cil—^jjll 

** ** 9- 

jjj .pathogens Oluij-Atl fj-yA jl j^l 

<Q jLO-t Ail J> cJ^J-uL^JI ille CtA-O-A^a 


3 '^ JjLa — c-uL^. ^j-a lii ^lll 

£y& 4 jUl_uWlI OUI^II jl <4 _LiJsl 6 j-A 

jU^aI .^1 ^ < 4 jl>I _ t l |L) ^l ^jlAll 

4 jL>J-^ uJlajjJlII ( 3 j-a (J-& 

.^ A^olll A 7 .II dll^la 

( Cj Luj-^-11 Jj j^l 4e I^jJ I _ail 

‘0*0^1$ 4—“Cul ^1 

Borrowing Nature’s Code (*) 
Gas from Trash (**) 
Paul Reveres p) 
Pacific Northwest National Laboratoy (Y) 
digital ants (r) 


d \ \ \^ 4-9 (Jo 

‘"’ObUHl ijA j 

. Ijjij «JjiLJ))J oLilAxll ^-Tll 4 Jjjlo uL 

<jJ/j .L.M> 


J-oIaj < 4-aI_<_u 4 ju 1.J| jlLlj .4llkll ^*w^ ^jjJI (J-oLjlII ^jl 

jl l^lUj . JjjIaJI : jj^jlo jje jjj_o ,^_le < I j-A llojj 4 jLH 1 I cjI^ILLJI JjIjj 

a \ J / a..^"vI I 4_u a <« jj!^jlo I je jc_la-o1 4j jV^jJI uj uLWI ^j_o 4 o^s. aA CjI » 

Cj Li Lull CjI ^ lc J ojlAj ^1 (J-& 4_LLa CjLc^ dll^"wn \ ^lll gJj L^-a-ssJ I j 
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Guardian of the Pharoahs 
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Egypt’s minister of antiquities has 
a personal history every bit as 
tumultuous as his country’s recent 
past. 
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ENERGY 

The False Promise of Biofuels 

By David Biello 


They were to save us from our dependence on oil, but the 
breakthroughs are not forthcoming. 



COSMOLOGY 

Bad Boy of Physics 

Interview by Peter Byrne 


Leonard Susskind rebelled as a teen and never stopped. 
Today he insists that reality may forever be beyond reach of 
our understanding. 



GEOLOGY 

Afghanistan’s Buried Riches 

By Sarah Simpson 


Geologists working in the war-torn country say newfound 
deposits there could fulfill the world’s desire for rare-earth and 
other critical minerals. 
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Inner Sparks 

interview by Alicia Anstead 


Hearing specialist Charles J. Limb says that studying the brain 
in moments of musical improvisation may provide keys to 
unlocking creativity. 
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Living in a Quantum World 

By Viatko Vedrai 


Quantum mechanics is not just about teeny particles. It 
applies to things of all sizes: birds, plants, maybe even people. 



MICROBIOLOGY 

The Smartest Bacteria on Earth 

By Anna Kuchment 


One species of soil microbe makes unusually wise 
communal decisions. 
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